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A field portable ultrasound system for bovine tissue characterization 
Kyle Harold Holland 
Under the supervision of 
David L. Carlson and Curran S. Swift 
From the Interdepartmental Program of Biomedical Engineering 
Iowa State University 
EfiForts by beef producers and beef packers to reduce carcass losses and to move the 
industry to a value-based marketing system have renewed then mterest in the development of 
new electronic grading techniques for assessing beef carcass composition. A custom 
ultrasonic data acquisition system has been developed for the purpose of investigating the 
feasibility of beef tissue characterization. The unit developed is a compact, hand-held, six 
channel, battery-operated data logger capable of sampling A-mode ultrasound signals at a rate 
of 15 megasatnples per second. A custom epoxy encapsulated ultrasoimd transducer array 
was developed to fit the inner curvature of the thoracic cavity on top of the intercostal muscle 
between the 12th and 13th rib. Data collected by the ultrasound unit is temporarily stored in a 
handheld data terminal/computer for retrieval and analysis on a personal computer at a later 
time. Ultrasoimd samples fi-om 39 carcasses were analyzed for backscatter energy content. 
The ultrasound records were partitioned into two groups based on the contact characteristics 
between the probe and tissue. Preliminary fat estimation in the longissimus dorsi muscle have 
resulted in correlation coefficients on two partitioned data sets of 0.81 and 0.82. Preliminary 
marbling estimation in the longissimus dorsi muscle have resulted in correlation coefiBcients on 
two partitioned groups of 0.59 and 0.70. 
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1. INTRODUCTION 
EjGForts by beef producers and beef packers to reduce carcass losses and to move the 
meat processing industry to a value-based marketing system have renewed their interest ia the 
development of new grading techniques for assessing beef carcass composition. Currently, 
beef carcasses are evaluated by highly trained personnel from the United States Department of 
Agriculture (USDA). Subjectivity and regional biases in grading calls can result in meat 
product pricing which may be inequitable for the producer, packer and consumer. It is hoped 
that through an instnunent based gradmg scheme that such subjectivity would be minimized or 
eliminated entirely. 
1.1 Ultrasound as a Grading Tool 
One instrument based measurement methodology which has shown some promise is 
ultrasound. Ultrasoimd has been used in live animal and carcass composition assessment for 
the last 30 years. The advantages of using ultrasound for body composition analysis are three 
fold. First, ultrasound is non-invasive. Carcass tissue is not damaged or destroyed by 
ultrasonic analysis. Also, since the ultrasound signal is coupled into the tissue externally, the 
tissue does not have to be surgically prepared prior to ultrasound measurement. As a result, 
ultrasoimd tissue analysis can be performed on live animals as well as carcass tissue. 
Secondly, ultrasound measurements can be taken and processed veiy quickly. An instrument 
grading system based on uhrasound technologies easUy lends itself to implementation in a 
packing plant environment where measurements have to be rapidly taken and processed. 
Lastly, ultrasound based instrumentation is relatively inexpensive. An uhrasound grading 
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system could easily be manufactured for less than $2500. In the following text, a new 
approach to fat percentage and marbling determination m longissimus dorsi muscle will be 
presented. 
1.2 Marbling Score and Fat Percentage Relationship in the Rib Eye 
The visible pockets of fat in beef muscle tissue are often referred to as marbling. 
Marbling in beef carcasses is evaluated in the longissimus muscle (rib eye) between the 12th 
and 13th ribs. The marbling score for a beef carcass is subjectively assigned by a highly 
trained USDA meat inspector. Examples of the standard marbling levels assigned to various 
degrees of marbling m the longissimus muscle are shown in Figure 1.1. In this research, each 
marbling level is assigned a particular numerical range. The marbling levels and their 
associated numerical ranges are listed in Table 1.1. The marbling score for a beef carcass is 
used in conjunction with carcass maturity in order to estabUsh the carcass's quaUty grade. 
Maturity groups, A through E, are determined by subjectively observing the bone structure 
and the color of the lean. The final quahty grade is determined by combining the marbhng 
score and carcass maturity according to the information shown in Figure 1.2. The primary 
USDA quality grades for A and B maturity carcasses are Prime, Choice, Select and Standard. 
For C and older maturities, the quaUty grades are Commercial, Utility and Cutter. 
In the light of present day concerns regarding dietary fat intake, it is important to 
consider the relationship between the marbling score of the longissimus muscle and its total 
chemically extractable fat concentration. Savell et al. (1986) established a relationship 
between the marbling score of rib eye and its chemically extractable fat content. They have 
found a linear relationship between marblmg and fat percentage in the rib eye between the 
12th and 13th ribs. Their results are tabulated in Table 1.2. The correlation between fat 
percentage and marbhng score is high (p = 0.88). 
1 2 3 
1 - Very Abundant 4 - Slightly Abundant 7 - Small 
2 - Abundant 5 - Moderate 8 - Slight 
3 - Moderately Abundant 6 - Modest 9 - Traces 
(Practically Devoid no shown) 
Figure 1.1. Examples of the standard marbling levels assigned to various degrees of 
marbling in the longissimus muscle. 
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Table 1.1. Marbling levels and their associated numerical range. 
Marbling Level Range 
Moderately Abundant 700-799 
Slightly Abundant 600-699 
Moderate 500-599 
Modest 400-499 
Small 300-399 
Slight 200-299 
Traces 100-199 
Practically Devoid 0-99 
MarDI i ng 
Leve I 
Moderate Iy 
ADunaant 
Pr i me 
Commerc i a 
Cno ice Moaest 
Smai I 
SI ignt SeIect 
Traces 
ProctICQ!1y 
Devo id 
Stanaara 
• Cutter 
Age in Months 30 45 72 96 
Figure 1.2. Relationship between marbling, maturity and quality grade. 
5 
Table 1.2. Mean ether extractable fat of beef longissunus steaks stratified according to 
marbling level. 
Marbhng Level n 
Ether Extractable Fat (%) 
Mean Standard Deviation 
Moderately Abundant 52 10.42 2.16 
Slightly Abundant 61 8.56 1.60 
Moderate 84 7.34 1.50 
Modest 90 5.97 1.15 
Small 80 4.99 1.10 
Shght 80 3.43 0.89 
Traces 47 2.48 0.59 
Practically Devoid 24 1.77 1.12 
1.3 Dissertation Organization 
This dissertation will present the research work perfora ed by the author during the 
feasibility study for the detenmnation of A-mode ultrasound applicability to fat concentration 
and marbling measurements in the longissimus dorsi muscle between the 12th and 13th ribs. 
The dissertation contaias six primary chapters, a reference section and an appendix section. 
Brief descriptions of the contents of each chapter and appendix are Usted below. 
In Chapter 2, four measurement methodologies which have been investigated for use 
in instrument based gradiag are presented. The pros and cons of each method are discussed. 
In addition, the motivations for the instrumentation approach selected for this research are 
discussed. 
The general overview of the uhrasound data logger will be described in Chapter 3. 
Brief descriptions of the transducer array, data acquisition hardware and system software will 
be presented. 
6 
Chapter 4 will present detailed descriptions of the ultrasoimd transducer array, data 
logger's electronics and data logger's software. Also, the data collection, data processing and 
statistical analysis procedures will be described. 
Chapter 5 discusses the performance of the data logger in acquiring carcass data 
related to the intramuscular fat concentration. The results of the data processing methodology 
and statistical analysis for fat percentage and marbling estimates will be presented. 
The Appendices in this dissertation list aU the miscellaneous information necessary for 
replicating this research work. Appendices A, B, C and D contain transducer construction 
procedures, transducer mechanical drawings, electronic schematics and parts listings, 
respectively. Appendices E, F, G and H contain the program listings for the data logger 
program user interface program, personal computer upload program and the data analysis 
program, respectively. 
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2. INSTRUMENTATION TECHNIQUES 
There are essentially four imaging methodologies available to a researcher 
investigating fat percentage and marbling determination in beef tissue. The imaging methods 
are Magnetic Resonance Imaging (MRI), Computer Assisted Tomography (CAT), Video 
Image Analysis (VIA) and ultrasound imaging. Each of these techniques has features which 
are desirable and others which limit the appUcation of the technique to carcass assessment. A 
brief description of each method follows. 
2.1 Magnetic Resonance Imaging 
Magnetic resonance imaging involves using high intensity, imiform magnetic fields to 
align the magnetic spin moments of hydrogen atoms, or some other element with an odd 
magnetic moment such as phosphorous, and measuring the relaxation time required for spins 
to return to a random state after being energized by an RF pulse. Determination of fat 
percentage using MRI has resulted in good correlations with p = 0.85 (Baulain et al, 1990). 
MRI can produce very good results given enough scanning time, typically 3 to 10 minutes. 
The slow scan rate, bulkiness of the equipment and the expense of the instrumentation of MRI 
techniques will undoubtedly prevent commercial implementation for carcass grading. 
1.1 Computer Assisted Tomography 
There are two basic CAT schemes which are used for diagnostic analysis of tissue. 
One scheme is based on the emission of radioactive particles resulting from an injection of a 
radiopharmaceutical and the other is based on the attenuation of X-rays within soft tissues. 
The latter method is the more desirable of the two methods because it is non-invasive and can 
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be used on carcass tissue. The attenuation coefficients for fat and muscle allow good 
differentiation of fat tissue from muscle tissue for fat regions as small as 1 mm. X-ray CAT 
scanners have resulted in high correlations to fat percentage and marbling with = 0.98 
(Vangen, 1989). Aside from its promising results, the expense of CAT systems and the 
practicaUties of CAT limit this method from being adapted to slaughter floor use. 
2.3 Video Image Analysis 
Video image analysis of beef tissue entails using video cameras to capture tissue 
images of carcasses or processed meat cuts and analyzing the images based on the visible fat 
component of the tissue. VIA has been used routinely by large packing facilities in Europe to 
measure the fat and lean contents of boneless meat. The analysis technique shows very good 
agreement with chemical analysis methods (p =0.94) (Newman, 1987). The primary limitation 
of VIA is that it can not be used to assess body composition on the Uve animal. However, in a 
packing facihty enviroimient, VIA shows the greatest promise of the four methods discussed 
in this document. 
2.4 Ultrasound Imaging 
The various tissues in an animal have sufficiently different acoustic impedances which, 
in turn, form a discontinuous acoustic media. Ultrasound waves propagating through the 
tissue are scattered and absorbed by the tissue discontinuities. Some of the scattered waves 
are reflected back to the ultrasound transducer where they may be recorded and analyzed. 
This is the operational principle of ultrasound imaging and analysis. The preliminary research 
results of using ultrasound as a beef grading tool are encouraging; however, it has yet to be 
shown whether or not ultrasound is a viable method for live animal and carcass grading. 
Ultrasound's big advantage over the other techniques is that it is non-invasive and inexpensive. 
In addition, carcass measurements can be taken rapidly in comparison with other imaging 
techniques. Of the techniques listed above, ultrasound imaging/evaluation of beef tissue 
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appears to be the most practical and easy to uuplement method for use on the live animal and 
carcass. A brief review of the research which has been conducted to date using ultrasound as 
a grading tool follows. 
2.5 Current Status of Ultrasonic Analysis of Beef Tissue 
Ultrasound technology has been used to determine fatness and muscling attributes in 
livestock for nearly 35 years (Hazel and Kline, 1959; Stouifer, 1959). Varying degrees of 
success have been achieved, and this could perhaps be explained by the lack of technical 
development in equipment specifically designed for livestock, carcass, and meat evaluation 
and technician competency. Many researchers have been content to utilize oflFthe shelf B-
mode systems developed for human medical apphcations. To date, little has been done to 
enhance these systems for agricultural applications. Stouffer et al. (1985) utilized a 3 MHz 
real-time sector scanner to determine marbling. The ultrasound parameters of tissue 
attenuation and slope were used as marbUng indicators. ResuUs showed a relationship to 
marbling, but the correlation was poor (p = 0.62). Brethour (1990) devised a system based 
on specular reflections, visibility of the intercostal interface and the ultrasound signal 
reverberation behind the intercostal muscle as indicators for marbling. The system was able to 
classify cattle up to 100 days prior to slaughter into Select and Choice quaUty grades. The 
system had a classification accuracy of 77%. Berlow et al. (1989) developed computer 
algorithms to estimate marbling based on B-mode uhrasound images. Results were poor due 
to poor transducer positioning and uncertain gain settings (R^ = 0.12 to 0.13). 
Recently, investigations have been conducted to evaluate the potential of A-mode 
ultrasound in the determination of beef carcass quality grades and for fat percentage in the 
longissimus dorsi muscle. Haumschild et al. (1981) investigated the potential for using the 
Bragg scattering phenomena for the determination of marbling. Although the Bragg effect 
was observed m the beef tissue, practical appUcation of this technique to grading is limited for 
10 
two reasons. First and most importantly, the efifect is noticeable but not large. Second, the 
mechanical requirements on transducer/tissue orientation for a system based on this technique 
may not be Ladustrially feasible. Anselmo et al. (1987) investigated the feasibility of A-mode 
echography for fat percentage determination in beef tissue. Backscatter signals from tissue 
samples were recorded and subjectively reviewed. A noticeable increase in the backscattered 
signal was observed for increasmg levels of intramuscular fat. Park et al. (1990) studied the 
wave speed and attenuation properties of ultrasound in beef tissue. Probe frequencies of 1 
MHz, 2.25 MHz and 5 MHz were used in the study. It was foimd that the wave velocity 
increased as the fat percentage decreased and attenuation increased as fat percentage 
increased. Amin (1992) developed a scheme, based on a multivariable statistical technique, by 
which beef tissue could be classified into the quality grades (Prime, Choice, Select, Standard). 
The technique involved taking 64 A-mode scans from a rib eye and analyzing the power 
spectrum of the back scattered signals. The method resulted in a classification accuracy of 
75%. Doerr (1992) developed a portable A-mode ultrasound data acquisition system for in­
field measurement of rib eye fat concentration and marbling. The data acquisition system 
consisted of a single 2.25 MHz ultrasound transducer, a custom designed high speed data 
logger and a lap-top personal computer. Ultrasound signals were collected from three sample 
sites on the rib eye. The data was analyzed for spectral content on a personal computer at a 
later time in the laboratory. The spectral parameter determined from the data was the power 
bandwidth of the backscattered ixltrasound signal. Because of excessive system noise and 
poor signal sensitivity, the system proved to be inadequate for fat concentration and marbling 
analysis. However, the research performed by Doerr estabhshed a working foundation for the 
research conducted by this author. With improved tissue characterization methodologies and 
mstrumentatiou techniques, these investigators felt fiirther research into the classification of 
beef carcasses with the aid of A-mode ultrasound has the potential for success. 
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2.6 A-mode Instrumentation Approach 
The A-mode technique was selected for further investigation as an instrument based 
grading method for the following reasons. Fkst, A-mode systems lend themselves to a very 
cost eflfective method for tissue analysis because of their overall simplicity. B-mode systems, 
on the other hand, require extensive electroiuc circuitry and have system costs exceeding 
$20,000 (for medical grade instrumentation). Second, medical B-mode systems adapted for 
agricultural use have extensive internal digital signal processing algorithms which smooth the 
measured ultrasound signal for visual analysis. The result of this signal processing is a loss of 
information which may be vital for the grade determination of the tissue under analysis. A 
custom B-mode system specifically designed for bovine tissue characterization may overcome 
this limitation. Third, A-mode systems can be easily designed and modified to custom tailor 
the acquisition methodology and the signal processing techniques to fit the problem of beef 
grade determination. The overall system simplicity may aid in the research and development 
phase of a commercially feasible product by allowing a system to be rapidly developed and 
implemented industrially. Lastly, the A-mode measurement technique is very fast in contrast 
to slow B-scan systems. In a packing plant environment where chain speeds may be several 
hundred carcasses per hour, a rapid tissue analysis method is essential. 
In consideration of the aforementioned reasons for using A-mode ultrasound, a custom 
uhrasonic data acquisition system has been developed for contmued investigation into the 
feasibihty of beef tissue characterization by uhrasound. This system relates the measured 
ultrasound backscatter energy to the fat percentage and marbling score in the longissimus 
dorsi muscle. Smce the acquisition method collects backscattered ultrasound signals, it is 
beheved that this method will be a direct measure of fat percentage in the longissimus dorsi 
muscle. However, the determination of marbling content will be based on the statistical 
relation between fat percentage and marbling foimd by Savell et al. (1986). 
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3. INSTRUMENTATION OVERVIEW 
A custom ultrasonic data logger has been developed for the purpose of investigating 
the feasibility of beef tissue characterization. The unit developed is a compact hand-held, six 
channel, battery-operated data logger capable of sampling A-mode ultrasound signals at rates 
of 14.7456 megasamples per second. A custom, epoxy encapsulated, ultrasound transducer 
array was developed to interface the beef carcass between the 12th and 13th ribs on the inside 
of the thoracic cavity. Data collected by the data logger is temporarily stored in a handheld 
computer for retrieval and analysis on a personal computer at a later time. 
3.1 Ultrasound Measurement Technique 
The ultrasound instrumentation uses A-mode ultrasound to determine the fat 
concentration in beef tissue. The backscattered ultrasound signal is the measurand used in the 
fat concentration determination. Backscattering is the result of volume scatterers (Rayleigh 
scattering) in the beef tissue reflecting part of the incident signal back to the ukrasound array. 
The volume scatterers, in this case, are tiny intramuscular fat particles and collagenous 
connective tissue, which form the muscle fiber's perimysium. It is assumed that Rayleigh 
scattering predominates m the measurement, and the effect of macro scatterers, such as 
marbling and connective tissue sheaths, have only a slight influence on the recorded signal. 
3.2 Instrumentation Revisions 
The data acquisition system designed for this research is a third generation prototype 
intended for simpliiying the in-field collection of tissue data fi"om beef carcasses. Each of the 
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three prototypes are functionally the same, that is, they all perform the functions of 
generating, collecting and storing A-mode ultrasound signals. However, the first two 
prototypes suffered fi-om several shortcomings. The problems encoimtered with the first two 
prototypes and the way in which these problems were corrected in the third prototype are 
discussed below. 
First, both of the previous data loggers used an on-line laptop PC for immediate data 
storage of the ultrasound records. This resulted in a data acquisition system which was 
somewhat bulky. Also, the data acquisition system required two people to operate it; one to 
hold the PC and the other to operate the transducer. In addition, these systems were not 
suited for use in humid environments such as those found in packing plants. The current 
prototype overcomes these shortcomings. The problem encountered with the bulkiness of the 
laptop PC was corrected by using a small handheld, PC compatible, data terminal. This 
resulted in a data logger which could be easily held and operated using one hand. The 
problem of humidity resistance was corrected by selecting an enclosure for the data logger 
electronics which was tightly sealed. 
The second problem with each of the first two prototypes was poor signal sensitivity 
and excessive noise. Most of the sensitivity problems were the result of the choice in data 
collection sites on the beef carcass. The first two data loggers scanned the longissimus dorsi 
muscle fi-om the outside of the carcass through the back fat layer. The thick layer of back fat 
was foimd to have severe attenuating characteristics. This was in part due to the way in which 
the hide was removed fi^om the carcasses. When the hide is pidled fi'om a carcass, it tears the 
back fat layer, leaving tiny air pockets in the tissue. These air pockets reduce or stop the 
ultrasound signal's abihty to penetrate into the beef tissue. This problem was overcome by 
selecting an alternative sampling site on the beef carcass. The new sampling site was between 
the 12th and 13th ribs on the ventral side of the dorsal thoracic wall, proximal to the 
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vertebrae. In order to maintain excellent coupling to the wall, a transducer with a convex 
front face was constructed. The noise problem was corrected in two ways. First, higher 
grade analog components, with lower noise figures, were selected to replace the components 
used m the early amplifier designs. Second, better circuit layout and RF shielding techniques 
were implemented in order to reduce the amplifier's susceptibility to EM interference. 
Lastly, the first two prototypes suffered from slow data acquisition speeds. The time 
per scan was approximately 15 seconds. This scan time was too slow to keep up with the 
cham speeds at a packing plant. The new system has improved the acquisition time by 
roughly 50 times. The improvement in data acquisition time was accompUshed by using 
higher speed data acquisition circuitry and more efficient data storage techniques. 
3.3 Hardware Overview 
The ultrasound data acquisition unit consists of a ultrasound transducer array, data 
logger and a handheld computer. The ultrasound device with probe is shown iu Figure 3.1. 
The data logger electronics are housed in a cast aluminum enclosure. The handheld computer 
is held against the enclosure by a vacuum molded, 20 mil, PETG (a copolyester thermoplastic) 
plastic cover. 
3.3.1 Transducer Array 
A custom designed transducer array was constructed for interfacing the beef carcass 
between the 12th and 13th ribs on the inside of the thoracic cavity. It contains six medium-
band ultrasound elements. Each transducer has an approximate 6 dB bandwidth of 1 MHz 
and a center frequency of 2.1 MHz. The iadividual transducer elements were constructed in 
molding jigs and connected to a printed cncuit board. Signal cables were attached to the 
circuit board, and the entiie assembly was then potted in water resistant epoxy. 
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Figme 3.1. Photograph of ultrasound data acquisition system. 
AMP \CC FIFO MCU 
Pci-.s:- SUDD I y 
Figure 3.2. Block diagram of data logger hardware. 
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3.3.2 Data Logger 
A partitioned block diagram of the data logger is shown in Figure 3.2. It is partitioned 
mto three primary subsections. These are the (1) digital controller circuitry, (2) pulser and 
signal conditioniog circuitry and (3) power supply circuitry. Descriptions of each subsection 
follow. 
Digital Controller Circuitry The core of the data logger is the digital controller. The 
principal component of the digital controller is an embedded microcontrol unit (MCU). This 
device is a stand-alone microprocessor that is code compatible with the INTEL 8051 
embedded controller family. The device has 32k bytes of on-board, nonvolatile RAM, 
asynchronous and synchronous serial port capability, and 32 I/O port pins. The on-board 
RAM can be partitioned iuto code and data segments. In this system, program code is stored 
in the lowest 1 kbyte memory segment and the remaining 31 kbytes are partitioned for the 
temporary storage of sampled ultrasound data. Data is uploaded through the asynchronous 
serial port to the handheld data terminal after the data sample cycle is completed. The sample 
clock, FIFO (First In First Out) memory, amplifier, multiplexer and pulser circuitry are 
controlled via MCU I/O ports. Tlie sampling clock is derived from the MCU oscillator clock. 
The sampling clock frequency is 14.7456 MHz. Sampled data from an active ultrasound 
channel is temporarily buffered in a high speed, 2 k x 8-bit FIFO. Higli-speed binary data is 
initially loaded into the FIFO from the Analog to Digital Converter (ADC) and is then 
uploaded from the FIFO to the MCU at a slower data rate compatible with the MCU. 
Pulser atid Siznal Cotiditionins Circuitry The ultrasound mode of operation that this 
system utilizes is the A-mode, pulse-echo technique. The pulser array energizes ultrasound 
transducers in the transducer array, and the amplifier amplifies the received ultrasound echoes 
reflected from scatterers inside the carcass tissue. 
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The pulser array consists of six, npn, switching transistors. The transistors are biased 
to operate in their avalanche region. Each pulser can deliver approximately 20 |aJ of energy to 
a transducer. The rise time of each pulser is less than 5 nanoseconds. 
The signal conditioning circuitry consists of an analog signal multiplexer, a wide-band, 
high-gain amplifier and an ADC. Each transducer in the ultrasound array is connected to one 
channel of the multiplexer. The input channels of the multiplexer are selected under program 
control by the MCU. A input signal passed to the ampUfier by an active muhiplexer channel is 
amplified and level shifted by the amplifier circuitry. The amphfier has three programmable 
gains: 20 dB, 40 dB and 60 dB. Passive filter networks bandwidth limit the amplifier to 
approximately 5 MHz. The final stage of the amphfier level shifts the analog signal up to a 
voltage which is compatible with the ADC's input voltage level requirements. The ADC 
quantizes the ultrasound signal into 8-bit binary values ready for storage in the FIFO. 
Power Supply Circuitry Six AA alkaline batteries comprise the data logger's main 
power source. The battery pack can power the data logger for almost 11 hours. A power 
management circuit is utilized to convert the battery potential into three separate power 
supphes. These power supphes are the analog, digital and high voUage power supplies. The 
analog supply powers the signal conditioning circuitry while concurrently providing isolation 
from the noise generated by the digital controller circuitry. The digital supply powers the 
digital controller circuitry and the front end of the high voltage supply. And finally, the high 
voltage power supply generates the voltage necessary to power the pulser circuits. 
3.3.3 Data Terminal and User Interface 
A TI-78 handheld, PC compatible, data terminal serves as the data retrieval/user 
mterface. The TI-78 handheld data terminal is manufactured by Texas Instruments, Inc. 
(Dallas, Texas). Data sampled by the data logger is sent to the TI-78 for temporary storage 
until uploading to a personal computer can be performed. Up to 15 carcass ultrasound files 
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can be stored in the TI-78. The TI-78 can operate for approximately 10 hours on one battery 
charge and provides long-term battery backup for system memory. 
3.4 Software Overview 
Three software modules were written for the ultrasound system. These Laclude the 
data logger program, user interface program, and PC upload program 
3.4.1 Data Logger Program 
The data acquisition unit contains a simple control program which performs the 
necessary operations needed to generate, receive and store ultrasound information. The data 
logger's program code was written in 8051 assembly code. The use of assembly code resulted 
in a compact and eflBcient program that minimized memory usage and optunized program 
control processes. 
3.4.2 User Interface Program 
The operating system (OS) written for the TI-78 manages the control of the data 
acquisition system and provides ease of use for the operator. The user interface software is 
completely menu driven. Commands are entered as one keystroke responses to menu options 
and user prompts. The menu structure was designed to be intuitive so as to reduce operator 
training time. The OS was written in C and 8088 assembly code. The kernel of the code was 
written in C and the serial I/O drivers were written in assembly. 
3.4.3 PC Upload Program 
The upload software enables the transfer of data from the TI-78 to a personal 
computer. The data is transferred and stored as a single file. The maximum data file size is 
370k bytes. The upload software was written in C and 8088 assembly code. A listing of this 
program can be foimd in Appendix G. 
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4. INSTRUMENTATION AND DATA ACQUISITION 
Custom ultrasonic hardware and analysis software were developed for fat 
concentration and marbling analysis in the longissimus dorsi muscle. In this chapter, a detailed 
description of the fimctional elements of the hardware, associated control software and the 
measurement methodology wiU be presented. The hardware discussion will include 
descriptions of the ultrasound array design and its operational characteristics and the data 
logger hardware design and its operational characteristics. The measurement methodology 
sections include discussions on the data collection method, data processing technique and the 
statistical analysis used for carcass analysis in this research. A complete hsting of transducer 
array construction details, mechanical drawings, electrical drawings and parts listing can be 
found in the appendix. 
4.1 Ultrasound Transducer Design 
A custom designed transducer array was constructed for interfacing the beef carcass 
between the 12th and 13th ribs on the inside of the thoracic cavity. Tlie transducer array 
consists of six, 2 MHz, tissue matched transducers. Each transducer mounts flush along the 
curved face of the transducer array. The curved face of the array facilitates good coupling to 
the beef carcass. The design and performance of the transducers and the array are discussed 
below. 
20 
4.1.1 Ultrasound Transducer Design Methodology 
A side view diagram of a typical transducer used in the ultrasound array is shown 
Figure 4.1. The primary functional components of the transducer are the front matching layer, 
the PZT (Lead Zirconate Titanate) ceramic element, and the backing layer. 
Conical Indentation 
PZT Ceramic 
Element 
•* *. '}^' 
mi 
Backing Layer 
(90/ Tungsten. 107. Edo>^u1 
iQuorter Wavelength 
Watcning Layer 
Figure 4.1. Simplified side view diagram of an ultrasound transducer. 
Front Matching Layer Desisti The front matching layer should be of an appropriate 
thickness and impedance to allow the maximum amount of ultras')und energy generated by the 
PZT crystal to enter the tissue in contact with the face of the transducer. Maximal 
transmission and reception of an acoustic signal occurs when the matching layer thickness is a 
quarter wavelength of the sound wave propagating through it and the matchiag layer material 
has an acoustic impedance equal to the geometric mean of the two materials being matched in 
this case PZT ceramic and tissue (Frederick, 1965; Persson, 1985). Since the generated sound 
wave has multiple frequency components, the half wavelength resonance frequency of the 
PZT element, in conjunction with velocity of sound through the matching material, is selected 
as the optimum frequency at which to calculate the matching layer thickness. 
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For a single material matching layer, as implemented in this design, the transformed 
impedance for a lossless roatching layer as viewed by the PZT material looking mto the tissue 
is 
where Z,„ is the acoustic impedance reflected back to the PZT element through the matching 
layer (in MRayls), 
is the matching layer impedance (in MRayls), 
Z, is the tissue impedance (in MRayls), 
P is equal to 2%IX (in meters" •) where X is the wavelength of sound in the 
matching layer at frequency (f), 
/ is the thickness of the matching layer (in meters). 
The reverse holds true for the impedance as viewed by the tissue side looking back 
into the transducer. Eq. (4.1) may be modified for this situation by substituting the PZT 
material impedance (Z^ for the tissue impedance (Z,). 
The thickness of the matching layer may be determined by setting the argument of the 
tangential term in Eq. (4.1) equal to an odd muhiple of 7i/2. This relation is stated in Eq. (4.2) 
below. 
Pl = ^  (4.2) 
Rewriting Eq. (4.2) by solving for / results in the following relation, 
nn nX nv / = — = — = (4.3) 
ip 4 4/ 
where X is the wavelength of the sound wave in the matching layer material (in 
meters), 
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n is an odd integer from the set 1, 3, 5,..., 
/ is the center frequency of the sound wave in the matching layer (in Hertz), 
V is the velocity of sound in the matching layer material (in meter/second). 
The magnitude of the impedance that is seen by the PZT element when quarter 
wavelength matched to tissue is 
Zin = ^  (4.4). 
Zr 
Note again, that Eq. (4.4) is also vaUd for the impedance transformation looking back 
into the transducer from the tissue side of the device. Eq. (4.4) may be modified for this 
situation by substitutiog the tissue impedance (Z,) with the PZT material impedance (Z^). The 
matching layer thickness and the transformed input impedance can be solved for by 
substituting the appropriate parameters mto Eq. (4.3) and Eq. (4.4). The transducers used in 
this design had a front matching layer thickness of approximately 863 }j,m (34 mils). This 
thickness value resulted from selecting an n equal to 3, the frequency (/) equal to 2 MHz and 
the wave propagation velocity (v) of 2300 m/s in the matching layer and calculating the 
thickness using Eq. (4.3). The epoxy used in this design has an approximate acoustic 
impedance of 3.2 MRayls. Ideally, a matching layer with an acoustic impedance of 7 MRayls, 
the geometric mean of PZT and tissue impedances, would be called for when matching the 
PZT crystal (33 MRayls) to tissue (1.5 MRayls) (Frederick, 1965). However, a single epoxy 
matching layer material may be used instead with some sacrifice in sensitivity. The epoxy 
matching layer in this design gives a transformed acoustic impedance of 6.8 MRayls looking 
from the PZT element into the tissue and an impedance of 0.31 MRayls looking from tissue 
into PZT element. The decrease in sensitivity using the epoxy matching layer is 
approximately 65 percent. 
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Ceramic Crystal Material The ceramic material type used in the transducer element in 
this design is PZT-5A. The half wavelength resonance frequency of the transducer crystal is 2 
MHz. The crystal diameter is 0.375 inches (9.5 mm). 
Backing Layer Desi^i The backing material consists of a mixture of timgsten powder 
and epoxy. The tungsten powder has an average particle diameter of 20 [im. The timgsten 
powder and epoxy were mixed in a 19 to 1 ratio by weight. The far end of the backing 
material has a 45 degree, conical taper as shown in Figure 4.1. The taper prevents rear wall 
reflection from reentering the PZT element. The efiect that the backing material has on the 
transducer is two fold. First, it helps attenuate and break up rear wall generated sound waves. 
However, when the backing material is relatively homogeneous and lossless, the backing 
material will not break up and attenuate the rear wall generated signal. The far wall of the 
backing material, in this case, should be altered either by roughing the surface or changing its 
position relative to the plane of the PZT crystal, e.g. making the far wall conical rather than 
plane as was done m this design. Second and most important, the backing material acts to 
broaden the bandwidth of the transducer. The equation for the mechanical Q of the a lightly 
loaded transducer demonstrates this phenomena quite clearly (Gooberman, 1968). The 
equation for the mechanical Q of a lightly backed transducer is 
^ jrZp Qmech = ^ (4.5 ) 
2 ( Z m  +  Z b )  
where Q^ech is the mechanical quahty factor for the transducer, 
Zp is the acoustic impedance of the PZT crystal (in MRayls), 
is the acoustic impedance of the front matching layer (in MRayls), 
Z), is the acoustic impedance of the backing material (m MRayls). 
One can see that as the acoustic impedance of the backing material increases, the mechanical 
O decreases and the band width of the transducer increases. Although Eq. (4.5) is accurate 
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only for lightly loaded transducers, it demonstrates the influence a backing material has on a 
transducer's bandwidth. 
4.1.2 Ultrasound Transducer Tuning 
The maximum electrical and acoustic sensitivity for a transducer occurs when it is 
operated at resonance. A transducer tuned to the half wavelength resonance frequency of its 
PZT crystal has an electrical impedance that is purely resistive since the reactive components 
of the device cancel (Wells, 1969). The electrical circuit model for a transducer at resonance 
is shown in Figure 4.2. In the diagram, C, represents the PZT crystal capacitance, Q 
represents the cable capacitance, L represents the tuning inductance and R represents the 
dampeniog resistance. The cable inductance may be neglected as it is typically smaU in 
comparison to the tuning inductance. 
Figure 4.2. Equivalent electrical circuit for an ultrasound transducer at resonance. 
The capacitance of the PZT crystal is given by 
where is the relative permittivity of the PZT ceramic material, 
is the free space permittivity (in Farads/meter), 
A is the area of the PZT crystal (in meters^), 
R L 
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d is the thickness of the PZT crystal (in meters). 
The PZT crystals used for this design have a measured capacitance of 1 nF. 
At resonance the inductive reactance {Xj) and the capacitive reactance of the 
transducer system cancel. The tuning inductance inductance {L) can be solved for by equating 
the two reactances. This is shown in Eq. (4.7), Eq. (4.8) and Eq. (4.9). 
~ (4-7) 
coL = -^ (4.8) 
coC 
1 1 L = -— = -—-— (4.9) 
co^C 
where L is the tuning inductance (in henries), 
C is the sum of the transducer capacitance (Q) and the cable capacitance 
(Q) (in Farads), 
CO is the angular frequency (in radians/second), 
/ is the frequency (in Hertz). 
The tuning inductance required for the transducer in this design is 5.75 }.iH. The 
inductance value is obtained by substituting the values 2 MHz and 1.1 nF for/and C, 
respectively, into Eq. (4.9). The capacitance of the transducer crystal is 1 nF and the lumped 
cable capacitance is 100 pF. Since 5.75 |.iH is not a standard value in commercial inductance 
series, the closest standard value was selected instead, which is 5.6 [.iH. The resulting 
impedance magnitude of the parallel inductance/capacitance combination at 2 MHz is 
approximately 36 ohms. The 36 ohm transducer impedance is somewhat less than the 50 ohm 
cable impedance, but it was decided that the impedance mismatch was not severe enough to 
warrant fiirther electrical impedance matching. Any reduction in sensitivity as a result of the 
impedance mismatch is compensated for electronically by the system's amplifier circuitry. 
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4.1.3 Ultrasound Transducer Performance 
The unpulse response of the transducer design is shown in Figure 4.3. The echo was 
obtained by coupUng the ukrasound signal into a 1" acryUc block and recording the far wall 
reflection from the acrylic/air interface. The spectral response of the transducer is shown in 
Figure 4.4. The 6 dB bandwidth of the transducer is 1 MHz and the center frequency is 2.1 
MHz. 
Time Domain Response 
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Figure 4.3. Transducer time domain response. 
Spectral Response 
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Figure 4.4. Transducer spectral response. 
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4.1.4 Ultrasound Transducer Array 
A diagram of the transducer array is shown in Figure 4.5. The transducer array 
consists of six ultrasound transducers. The transducers and tuning inductances were mounted 
to a printed circuit board. Each transducer sits flush against the curved outer face of the 
array. The array face has an arc length of 6 cm on a radius of 11.5 cm. The particular arc 
dimension was chosen to match the curvature of the thoracic cavity wall between the 12th and 
13th ribs of a typical beef carcass. The transducer array is housed in a molded epoxy body. 
The housing provides adequate impact resistance and water resistance. The shape of the 
transducer array housing was designed to fit easily m an operator's hand and to mmimize 
fatigue. Tlie cable harness consists of the coax cables for each of the six transducer in the 
array. The coax cable type is RG-174U instrumentation cable and has a nominal impedance of 
Po Igf In Heot 
Snr lnx TuDlng 
RG- T7l C03!< CoDie (1 of 
Prlniea Circui t  
Boora 
Tunlno Inauctor 
3.Q* 
Figure 4.5. Cross sectional view of the ultrasound transducer array. 
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50 ohms. The instrumentation side of the coax cables are terminated with male RCA phono 
connectors. 
4.2 Data Acquisition Hardware Design 
The data acquisition hardware consists of the ultrasound data logger and the handheld 
computer. The ultrasound data logger hardware was constructed using inexpensive off the 
shelf components and printed circuit manufacturing techniques. A photograph of the printed 
circuit boards, populated with electronic components, are shown in Figure 4.6. The top 
printed circuit board contains the digital control and power supply circuitry. The bottom 
printed circuit board contains the pulser and amplifier circuitry. Each printed circuit board 
measures 10.16 cm by 15.24 cm. The data logger hardware consists of five sections. These 
sections are the digital controller, pulser, pulser control, amplifier and power supply. The 
handheld computer is a Texas Instruments TI-78 PC compatible data terminal. Descriptions 
of each section of the ultrasoxmd data logger hardware are discussed below. 
4.2.1 Digital Controller 
The purpose of the digital controller is to select an ultrasound transducer in the 
transducer array, control the transducer pulser, quantize the amplified ultrasound signal and 
transmit the acquired ultrasound information to the TI-78 computer. All operations 
performed by the controller are mediated via software control. The schematic for the digital 
controller is shown in Figure 4.7. The heart of the digital controller is a Dallas 
Semiconductor DS5000 microcontrol unit (MCU) (Dallas Semiconductor, 1993). The MCU 
has 32 kbytes of on-board nonvolatDe SRAM, asynchronous and synchronous serial pert 
capability, timer/counter circuitry and 32 I/O port pins. The MCU is supported by three other 
ICs: U2, U3 and U4. U2 is a Dallas Semiconductor DS2011 (Dallas Semiconductor, 1993). 
This integrated circuit is a 2k by 9 bit First In First Out (FIFO) memory. The FIFO was 
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Figure 4.6. Photograph of the data logger printed circuit boards. 
utilized to temporarily buffer 2048 bytes of sampled ultrasound data prior to storage in the 
MCU. This was done to make the high speed data acquisition rates compatible with the 
MCU's slow port read and store data rates. U3 is a Fujitsu, MB40558, 40 megasample, 8-bit, 
flash Analog to Digital Converter (ADC) (Fujitsu Microelectronics, 1991). This IC quantizes 
the analog ultrasoimd signal into an 8-bit binary value. The output of the ADC is written into 
the input port of the FIFO. U4 is a National Semiconductor, 74HC00, dual input, quad 
NAND gate (National Semiconductor, 1984). It performs two fimctions m the circuit. First, 
two of U4's NAND gates act as an enable gate for controlling the digital controller's 14.7456 
MHz sample clock. Second, two of U4's NAND gates invert Ul's serial I/O lines making 
them logically compatible with the TI-78's serial lines. The operation of the controller can 
PO.O 
PQ. 1 
r-o.s 
PO.G 
P0.7 
fF 
RESET 
o—O 
O—O n 
Figure 4.7. Schematic diagram of the digital controller circuit. 
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best be explained by describing the operational events as they occur during a sampling 
interval. 
After power-on reset, the MCU configures the data direction of the I/O ports. Tlie 
data direction for Ul's I/O ports are shown in Table 4.1. U1 strobes port pin P2.5 low and 
high again, resetting U2. Also, port pia PI.5 is set. This configures the ultrasound system's 
amplifier for a gain of approximately 60 dB. Upon receiving a start acquisition command 
fi"om the TI-78, U1 clears the pulser/multiplexer address latch, U5, by strobing port pin PI.3 
low and returning it high. For a more detailed description of U5 and its function in the pulser 
circuit, refer to Section 4.2.3. Next, U1 sets up the transducer address on port pins Pl.O, 
PI. 1 and PI.2 (MUXO, MUXl and MUX2). U1 then clears port pin P2.1 which activates the 
sampling clock and then strobes port pin PI.4 (PULSE) which activates the pulser pointed to 
by the address lines MUXO, MUX 1 and MUX2. This energizes the transducer which 
transmits an ultrasonic wave into the adjacent tissue. The returning ultrasound waves are 
converted into electrical signals by the ultrasoimd transducer and are amplified by 60 dB by 
the data logger's amplifier. The amplified ultrasound signals are quantized by U3 and 
bufifered by U2. The amplified ultrasoimd signal is quantized by the analog to digital 
converter on the falling edge of the sample clock and buffered by the FIFO on the rising edge 
of the sample clock. The sample clock is derived fi'om the digital controller's crystal 
oscillator. This was done to simplify the logic needed for synchronizing the sampling clock 
with the MCU's instruction cycle timing. By using the MCU's oscillator, the data sample 
cycles are inhiated at the same point m the MCU timing cycle. The sample clock/oscillator 
fi'equency is 14.7457 MHz. Next, U1 then monitors port pin P2.6 which is connected to the 
FIFO Full Flag (FF) output pin of U2. When FF goes low, U1 disables the sampling clock by 
setting port pin P2.1. Next, the contents of U2 are loaded into UI's embedded memory. The 
uUrasound data stored in the FIFO is stored in a 24576 byte block of memory which is 
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allocated from U I's 32 kbyte embedded memory. Data transfer occurs when port pin P1.7, 
which is connected to U2's Read (RD) pin, is cleared. FIFO data then becomes valid at the 
port pins PO.O to P0.7. U1 fetches the data byte from port 0 and stores it in internal memory. 
Port pin PI.7 is then set and U2's internal address pointer advances to the next data byte. This 
data transfer cycle continues until all 2048 bytes of data have been read from U2. Next, U1 
clears port pm PI.5 (GAIN A) which set the amplifier gain to 40 dB. The above data 
acquisition steps are then repeated for the same transducer. This completes a scan from one 
transducer. Clearing the GAIN A line configures the ultrasound system's amplifier for a gain 
of 60 dB. The above acquisition steps are repeated for each of the five remaining ultrasound 
chaimels. The transducers are sequentially selected by incrementing the channel address on 
port pins PI.0,P1.1 and P1.2 (MUXO, MUXl and MUX2). 
After all the transducers in the array have been sampled, the 24576 byte data record is 
uploaded to the TI-78 through Ul's serial port pins TXD and RXD. The data transfer rate is 
76800 baud. 
4.2.2 Falser 
The pulser type, used to energize the transducers, is a voltage mode pulser. This type 
of pulser initially stores the pulse energy in a capacitor and transfers the energy to the 
transducer when the pulser is triggered. The circuit has three states of operation. These 
states are shown in Figures 4.8a (charging state), b (transducer energizing state) and c (reset 
state). In the first state, the capacitor is charged with current I until the voltage across its 
terminal is equal to voltage V (see Figure 4.8a). In the second state, switch S closes, shorting 
the positive terminal of the capacitor to ground. The negative terminal of the capacitor drives 
the imgrounded terminal of the transducer negative (see Figure 4.8b). The capacitor 
discharges tlirough the excited transducer. In the last state, switch S opens and the capacitor 
charges to V (see Figure 4.8c). 
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Table 4.1 MCU I/O port configuration after power on reset. 
Port I*in Label Data Direction 
PO.O — Input 
PO.l — Input 
P0.2 — Input 
P0.3 — Input 
P0.4 — Input 
P0.5 — Input 
P0.6 — Input 
P0.7 — Input 
Pl.O MUXO Output 
Pl.l MUXl Output 
P1.2 MUX2 Output 
P1.3 CLR/GATE Output 
P1.4 PULSE Output 
P1.5 GAINA Output 
P1.6 — Output 
P1.7 — Output 
P2.0 — Output 
P2.1 — Output 
P2.2 — Output 
P2.3 — Output 
P2.4 — Input 
P2.5 — Output 
P2.6 — Input 
P2.7 — Input 
P3.0 — Input 
P3.1 — Output 
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The actual implementation of the pulser is shown in Figure 4.9. Transistor Q1 acts as 
the switch as shown m the simphfied schematic denoted in Figure 4.8. The transistor is biased 
to operate in its avalanche region of operation; that is, near its collector-emitter breakdown 
voltage, BVc£, and below the avalanche current. When a capacitively coupled trigger pulse 
generated by U5 arrives at the base of Ql, the injected current forward biases the emitter 
base junction and the transistor breaks down. The energy stored in capacitor C21 is 
transferred into the transducer. Diodes D1 and D2 uncouple the pulser from the transducer as 
the capachor recharges. These diodes allow the transducer to ring freely without the loading 
a b c 
Figure 4.8. Simplified voltage mode pulser operation. 
R57 
Figure 4.9 Schematic diagram of the avalanche mode pulser circuit. 
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characteristics of the pulser interfering. The limiting network, R27, DI3 and D14, clamps the 
sensed transducer vohage to ± 0.7 volts. This network protects the amplifier firom the high 
voltage pidser spike that occurs just after pulser is activated. The rise time for this pulser is 
less than 5 nanoseconds. 
4.2.3 Pulser Control 
The transducer array pulsers are controlled by an addressable latch U5. The control 
circuit is shown in Figure 4.10. For the simplicity of illustration, only one transducer pulser is 
shown in the diagram. The following explanation for triggering a transducer in the transducer 
array is typical for all transducers in the array. 
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Figure 4.10. Schematic diagram of the uUrasound transducer pulser control circuit. 
The ultrasound transducer pulsers are controlled by a National Semiconductor 74HC259 
addressable latch (National Semiconductor, 1984). The addressable latch, U5, receives all of 
its control signals from U1. The multiplexer address inputs MUXO, MUX 1 and MUX2 are 
used to select a transducer in the array for activation. The data input, pin 13, of U5 is tied to 
+VA5 which sets it to a logic one state. When Ul clears the PULSE line, the logic state at 
the data input pin is transferred to the addressed output bit. The output state is typically at a 
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logic zero and when PULSE hne is activated, the output state changes to a logic one. The 
output pin of U5 is capacitively coupled to the pulser transistor by capacitor CI8. The 
component combination of C18 and R12 act to differentiate the output pulse from U5. Tlie 
RC combination acts to allow only a short trigger spike to reach the transistor. When the 
trigger pulse reaches the transistor, the transistor avalanches and the transducer is energized. 
The output of U5 is reset when the CLR/GATE line is activated. 
4.2.4 Amplifier 
The amplifier circuit is shown in Figure 4.11. The circuit is composed of four 
integrated circuits: U6, U7, U8 and U9. The input to the amplifier is a National 
Semiconductor, 74HC4051, eight-channel, analog multiplexer (National Semiconductor, 
1984). Six of the analog multiplexer's eight channels are utilized since the transducer array 
only has six transducers. An input channel is selected by channel address lines MUXO, MUX 1 
and MUX2. The output of the multiplexer is connected to the input of U7. U7 is an Analog 
Devices, AD600, wide-band, variable-gain monohthic amplifier (Analog Devices, 1992b). 
The integrated circuit consists of two 0 to 40 dB amplifier blocks. Tlie voltage gain can be 
controlled by applying a -0.625V to 0.625V signal to the amplifier's voltage gain input 
terminals. A voltage of -0.625V at the voUage gain input sets the amplifier gain to 0 dB while 
a voltage of 0.625V at the vokage gain input sets the amplifier gain to 40 dB. The gain-
bandwidth of each amplifier is 35 MHz. The CLR/GATE line is used to unhook U7's input 
prior to activating the pulser. The GAIN A control line is connected to the voltage gain input 
of U7's input stage. When the GAIN A line is low, the input amplifier stage is 20 dB and 
when the GAIN A line is high, the amplifier gain is 40 dB. Resistors R34 and R35 level shift 
the logic one value on the GAIN A line to approximately 0.64 volts. Although the vokage 
gain kiput can be driven directly by the GAIN A line, excessive voltages above 0.625V can 
degrade the amplifier's signal to noise ratio. The output of the input stage drives a passive 
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low-pass filter network which consists of capacitors C29 and C30 and resistor R36. This 
filter limits the amplifier bandwidth to 32 MHz. The filter also removes the slight DC offset 
vohage riding on the output signal of the input amplifier stage. The insertion loss of the filter 
is approximately 6 dB. The output stage of U7 provides an additional 0 or 20 dB of gain to 
the amplified signal. This is dependent upon the state of switch S2. If switch S2 is open, the 
•VAS -VA5 
C33 C3+ 
•VAS 
C3S 
OUT 
,C31 
C30 U8 
R35 
R39 
•Ajxo 
UUX1 
UUX2 
CLR/GATE 
gain A 
U3 
4 .Ov R39 
-VAS O—' 
sa 
OPEN •> GAIN 40/50 OB 
S2 CLOSED •> GAIN 00/40 00 
•dJ 
Figure 4.11. Schematic diagram of the amplifier circuit. 
output stage has a gain of 0 dB. If S2 is closed, the output stage has a gain of 20 dB. Tlie 
output stage of U7 is coupled to U8 (Analog Devices, 1992a) by capacitor C31. Resistor 
R39 and capacitor C31 constitute a high-pass filter with a comer frequency of approximately 
700 kHz. This filter helps suppress the transducer's low-fi-equency, radial-mode oscillations. 
The output stage amplifier of U7 is level shifted +4 vohs by the operational amplifier U9 
(National Semiconductor, 1987) and amplified by the wide-band amplifier U8. U8's feedback 
resistors R40 and R41 set the closed loop gain to 22.5 dB. U9 buffers the middle voltage tap 
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output of U3's internal, resistor ladder network. The voltage tap output potential is 4 volts. 
Resistor R42 and capacitor C32 constitute an anti-aUasing filter which has a comer frequency 
at 4.8 MHz. The filter estabUshes the amplifier response well below the system's 7.37 MHz 
Nyquist frequency. Diodes D25 to D28 protect the analog to digital converter from excessive 
negative-going input signals. The input signal is clamped at 2.6 vohs above ground. Diode 
D29 protects the analog to digital converter from excessive positive-going input signals. The 
input signal is clamped at 0.4 volts above +VA5. 
4.2.5 Power Supply 
The data logger is powered by 6 AA alkaline batteries. The drain on these batteries by 
the data logger is approximately 200 mA. The power supply circuit is shown in Figure 4.12. 
The heart of the power supply is UIO, a Maxim, MAX715, power management integrated 
cn-cuit (Maxim, 1992). This integrated circuit is a multifimction power supply circuit which 
was originally designed for use ia laptop personal computers. UIO has three on-chip, Unear 
regulators, one positive step-up, switching regulator and two negative, step-down switching 
regulators. Also, the chip has low power detection circuitry which is useful for monitoring the 
battery voltage. The data acquisition unit's battery voltage is monitored by UIO. The Low 
Battery Output pin (LBO) is tied to the Carrier Detect (CD) line of the TI-78's serial port. 
This line is polled by the TI-78's operating system to determine the data acquisition unit's 
battery voltage status. If the battery voltage falls to 5.16 volts, the LBO output goes low, 
signaling a low battery. 
The power supply for this design required two +5 volt suppUes, one -5 volt supply, 
one +9 volt supply and a +130 volt supply. The power supply is divided into three 
subsections. These are the analog power supply, the digital power supply and the high 
vohage power supply. 
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Figure 4.12. Schematic diagram of the analog and digital power supply circuit. 
Atialos Power Supply The analog power supply provides ''hree regulated voltages for 
the analog circuitry. The regulated voltages are +5 volts (+VA5), -5 volts (-VA5) and +9 
voks (+VA9). The +5 volt supply is derived from one of UlO's three positive, built-in, 5 voh 
linear regulators. The -5 volt and +9 volt supply voltages are derived from the UlO's 
switching regulator subsections. These voltage regulators are post regulated using low-power 
Unear regulators, U11 and U12. The input voltage to U11 is approximately -8 volts. This 
voltage is generated by UlO's negative switching regulator. The -8 volt potential is set by 
feedback resistors R43 and R44. LI is energized by Q12 during regulation and discharges 
into C54 through diode D34. Similarly, the input vohage to U12 is generated by UlO's 
positive step-up switching regulator subsection. The input vohage is approximately 11.5 vohs 
and is set by feedback resistors R45 and R46. L2 is energized by Q13 during regulation and 
discharges into C61 through diode D35. 
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The output section of each regulator is filtered using a simple LC output filter. The 
filter chokes L4, L5 and L6 were constructed by wrapping 4 turns of 26 AWG magnet wire 
around an 8 mm ferrite bead. The ferrite bead has an AC frequency response spannmg from 
DC to 40 MHz. 
Disital Power Supply The digital supply provides a regulated +5 vohs (+VD5) for the 
digital controller circuitry and the front end of the high voltage supply. The +5 volt supply is 
derived from one of UlO's three positive, on-chip, 5 voh, Unear regulators. 
Hi^h Voltase Supply The high vokage supply provides a constant +130 volts to the 
pulser circuitry. The high voltage supply is powered by the +5 volt digital power supply 
(+VD5). The high voltage power supply is shown in Figure 4.13. The circuit topology is a 
simple, self-oscillating, push-pull converter (Hnatek, 1989). The transformer (Tl) is made 
from a Ferroxcube (Norwood, Massachusetts) pot core transformer form using a type 3BC7 
core material. The secondary to primary (N3/N1) turns ratio is approximately 13. This gives 
a voltage step up from 5 volts at the primary to roughly 65 volts at the secondary. The 
secondary is stepped up flirther by the voltage doubler circuit at the output of the secondar>'. 
The doubler circuit is composed of diodes D32 and D33 and capacitors C42 and C43. The 
primary (Nl) is made by wrapping 24 turns of number 36 AWG magnet wire around the pot 
core winding form. The primary winding is tapped at 12 turns. The center tap is connected to 
+5 volts (+VD5). A second primary (N2) is wrapped about the winding form and provides a 
feedback path for the flux build up in primary (N1) to the input of the driving transistor. 
Primary N2 is formed by wrapping 14 turns of 36 AWG magnet wire around the winding 
form. The feedback primary is center tapped at 7 turns. The center tap is connected to the +5 
volt supply rail through resistor R42. Resistor R42 sets the DC bias point for the converter 
transistors Q7 and Q8. Capacitor C41 is included to help improve the converter's eiFiciency. 
The value of the capacitance was selected empirically. Diodes D30 and D31 were placed 
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Figure 4.13. Schematic diagram of the high voltage power supply circuit. 
between the collector and base pins of transistors Q7 and Q8 to help lower the current 
consumption of the converter by preventing the transistors from saturating. The current 
consumption of the converter decreased by about a factor of 10 rfter adding the diodes. 
4.2.6 TI-78 Handheld Data Terminal 
The TI-78 is a handheld data terminal/computer that is INTEL 8088 code compatible 
with EBM and IBM compatible personal computers. The computer has a proprietary BIOS 
which is also compatible with IBM computers. The computer has 512 kbytes of RAM which 
can be used to nm development programs or to store data. System RAM is battery backed by 
the primary system battery when the computer is powered down. In the event that the main 
system battery should fail, a secondary lithium batteiy is provided to back memory until the 
primary system battery is replaced. The computer's operator interface consists of a 39 key 
alphanumeric keyboard and a 160 by 64 bit, backlit, graphic, liquid crystal display. Serial 
data communication can be perfomied via the optical data port or the serial data port. Tlie 
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ultrasound data logger described above uses the serial data port. The maxdmum data rate 
through the serial data port is 76800 baud. 
4.3 System Software 
There are two pieces of software which control the operation of the hardware. These 
programs are the data logger program and the user interface program. The programs operate 
interactively when acquiring ultrasound data. The data logger program controls the actual 
collection of ultrasound data by the data logger. This program executes in the data logger. 
The user interface program interacts with the operator by carrying out user commands and 
displaying system status information. This program executes in the TI-78. The operation of 
each program is discussed below. 
4.3.1 Data Logger Program 
The data acquisition software controls all the hardware operations, data storage and 
data transmission for the data acquisition unit. The data logger program was written 8051 
assembly language. The program executes out of the lowest 1024 bytes of Ul's embedded 
RAM. The program consists of the power-on initialization routine, main control loop, acquire 
data routine and send data routine. A complete listing of the program can be found in 
Appendix E. Simplified descriptions of the programs' operation are discussed below. 
Power-on Initialization Routine After power up, the controller begins execution of the 
data logger software by disabUng the MCU's interrupt capability and initializing the MCU's 
stack pointer, I/O ports and serial port. The I/O port data directions were previously outlined 
in Section 4.2.1. The serial port is initialized for asynchronous operation, an 8-bit data word 
length and a baud rate of 76800. 
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Main Control Loop After initialization, program execution enters the main control loop. 
The MCU waits in this loop until an acquire data command from the TI-78 is received. When 
an acquire data command is received, the data logger sends a ACK character to the TI-78 and 
proceeds to the acquire data routine. 
Acquire Data Routine The acquire data routine performs all the fimctions necessary to 
select, pulse, amplify, quantize and store ultrasound data from a transducer in the ultrasound 
array. At the start of the routine, the memory data pointer is reset to point to the start of the 
data storage memory at address 400h, the FEFO is cleared and the GAIN A line is set giving 
the amplifier a gaio of 60 dB. Next, the transducer counter and the gaia counter are loaded 
with the number of transducers in the array and the number of amplifier gain settings to be 
taken, respectively. The program then writes the address of the first transducer to be 
activated to the address lines MUXO, MUXl and MlJrX2. Next, the pulser is triggered and 
the ultrasound data is captured in the 2048 byte FIFO. The FuU Flag (FF) of the FIFO is 
monitored by the control program. When this line activates, mdicating a fiill FIFO, the 2048 
byte data block is read and stored in the MCU data storage memory. Next, the control 
program sets the amplifier gain to a new gain setting, 20 dB lower than the initial gain setting, 
and the above sequence is repeated for the same transducer. After the transducer has been 
pulsed and recorded for the two gain settings, the address counter is increased by one to point 
to the next transducer and the above sequence is again repeated. The aforementioned 
sequence of events are repeated for all transducers in the array. After completing the scanning 
and recording of ultrasound data from all the transducers in the array, the routine returns to 
the main control loop. 
Send Data Routine Program execution branches to send data routine after returning to 
the main control loop. First, the data pointer is reset to point to the beginning address of the 
data memory. Next, a 1024 byte block of data is transmitted to the TI-78 via the serial port. 
44 
If the entire data block is received by the TI-78, an acknowledge (ACK) byte is returned and 
the next 1024 byte block is sent. A negative acknowledge (NAK) byte is sent if the 1024 data 
block is not received. If a NAK is received, the data block is retransmitted. The above data 
transfer sequence is repeated until all 24 data blocks have been sent. After the data transfer is 
completed, the routine returns to the main control loop and the data logger waits for another 
acquire data command from the TI-78. 
4.3.2 User Laterface Program 
The user interface software, written for execution on the TI-78, is completely menu 
driven. Each fimction is selected by a single-key keyboard entry. The program's menu 
structure is shown in Figure 4.14. The user has 10 options to select from. Each option is 
Usted below. The program Usting can be found in Appendix F. 
Up Arrow The TI-78 user software has two main menu screens. Pressing the UP 
ARROW key selects the upper menu screen. 
Down Arrow The TI-78 user software has two main menu screens. Pressing the 
DOWN ARROW key selects the lower menu screen. 
Get Logser Data Pressing the 1 button on the keyboard selects the Get Logger Data 
option. The program then prompts the operator for an additional key depression to begin 
acquiring ultrasound data. Each subsequent key depression collects additional ukrasound 
records. A record counter is displayed at the top of the LCD display, indicating how many 
carcass readings have been taken. The maximum number of carcass readings that can be 
stored in the TI-78 is 15. If an attempt is made to take more than 15 scans, the user will be 
prompted with the message 'Out of Memory*. This menu option is aborted by pressing the 
ESC key. 
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Send Files to PC Pressmg the 2 button on the keyboard selects the Send Files to PC 
option. The user program waits for an acknowledge byte from the PC before commencing the 
uploading of data. After completing the data transfer, the program turns the TI-78 off. 
I nit Data File Pressing the 3 button on the keyboard selects the Init Data File option. 
This menu option is used to create the carcass data file in the TI-78's RAM disk. The 
program prompts the user to enter "Y' or "N* to the request to create a data file. If'Y' is 
selected, the data file is created and the operator is prompted with the message Tile Made'. 
However, if'N' is selected, the data file is not created and the operator is prompted with the 
message 'No Action Taken'. This menu option is aborted by pressing the ESC key. 
Delete Data File Pressing the 4 button on the keyboard selects the Delete Data File 
option. This menu option is used to delete the carcass data file in the TI-78's RAM disk. 
The program prompts the user to enter 'Y' or "N' to the request to delete a data file. If'Y' is 
selected, the data file is deleted and the operator is prompted with the message 'File Deleted'. 
However, if "N' is selected, the data file is not deleted and the operator is prompted with the 
message "No Action Taken'. This menu option is aborted by pressing the ESC key. 
LCD Contrast Pressing the 5 button on the keyboard selects the LCD Contrast option. 
This menu option is used to change the LCD contrast ratio. The program prompts the 
operator to press the '+' key to darken the display or to press the '-' key to lighten the display. 
This menu option is aborted by pressing the ESC key. 
Battery Check Pressing the 6 button on the keyboard selects the Battery Check option. 
This menu option is used to check the battery status of the data logger battery, TI-78 main 
system battery and the TI-78 memory backup battery. The program responds to the selection 
of this menu option by displaying the battery status of the data logger, TI-78 main battery and 
TI-78 memory backup battery. If the battery for each is adequate, an 'OK' prompt is displayed 
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Figure 4.14. Menu stmcture for the user niterface program. 
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next to each battery prompt. If a battery is low, 'LOW is displayed next the battery prompt. 
This menu option is aborted by pressing the ESC key. 
Quit Pressing the 7 button on the keyboard selects the Quit option. This menu option is 
used to turn off the TI-78. The program first checks the Carrier Detect (CD) line in order to 
determine the operational status of the data acquisition unit. The CD line is connected to the 
LBO output of UIO in the data logger. If the CD line is active, the program prompts the user 
to turn off the data logger. If the CD line is inactive, the program turns off the TI-78. 
Disk Space Pressing the 8 button on the keyboard selects the Disk Space option. This 
menu option is used to check the available memory in the TI-78's RAM disk. The program 
responds to the selection of this routine by displaying the number of bytes fi'ee in the RAM 
disk. This menu option is aborted by pressing the ESC key. 
4.4 Data Acquisition Procedure 
Ultrasound data was collected fi"om thirty-nine beef carcasses using the uhrasound 
device previously discussed. Data collection was performed approximately 30 minutes after 
slaughter while the carcasses were still warm. The carcass temperatures varied from 35°C to 
37°C. The average carcass age was 20 months. Data was taken from the ventral side of 
longissimus dorsi muscle between the 12th and 13th ribs, proximal to the vertebrae. Fat 
concentration data in the rib eye at this location was collected by recording the backscattered 
ultrasomid signal for each of the six ultrasound transducers in the array. The beef carcasses 
were measured using amplifier gain settings of 60 dB (high gain) and 40 dB (low gain). The 
high gain records were used for classification purposes, and the low gain records were used 
for tissue analysis. The rib eye fat concentration was chemically determined by an n-hexane 
fat extraction method. The marbling score for each rib eye was determined by a USDA 
grader. 
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Figure 4.15. Cross sectional view of transducer array/rib eye interface. 
Application of the transducer to the rib eye is shown in Figure 4.15. The transducer 
contacts the rib eye from the interior of the thoracic cavity through the iatercostal muscle 
layer. Figures 4.16 a and b demonstrate the application of the data acquisition system to a 
beef carcass by a trained technician. 
4.5 Data Preprocessing 
After visually reviewing the ultrasound records collected by the ultrasound system, it 
was suspected that certain variables might have influenced the ultrasound signature. These 
variables were beUeved to be the array contact pressure, the array coupling to the tissue, array 
orientation, and anatomical features of the intercostal muscle layer. 
A classification method was developed to place the ultrasound records into two 
groups. Ultrasound records were grouped by subjectively analyzmg the average back scatter 
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Figure 4.16. Operator application of the ultrasoimd data acquisition system to a beef carcass. 
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energy obtained from the 60 dB records for each carcass scan. First, the signal reflected back 
to the array from the distant side of the rib eye was analyzed to help determine the orientation 
of the transducer array with respect to the longissimus dorsi muscle. Large rear wall 
reflections indicated a near optimum transducer orientation and/or array coupling. Next, the 
waveform characteristics from reflectors near the transducer were analyzed in order to 
determine the influence on the ultrasound signal of the connective tissue in and around the 
intercostal muscle and the rib bone. Optimal transducer placement appears to give very sharp 
and well-defined echoes from the fat/connective tissue interface between the rib eye and the 
intercostal muscle layer. Placement of the records into the two groups was based on the 
apparent magnitudes of the above observations, that is, the records were determined to have 
either a high or low placement signature. Figiu-e 4.17 demonstrates the effect that coupling 
and placement have on the recorded set of ultrasound measurements. Data points below the 
regression line represent good coupling and placement while data points above the regression 
line represent weak coupling and placement. Good coupling and placement have a tendency 
to increase the amount of measured backscatter energy. This results in a shift down and to the 
right in the measurement's orientation with respect to the regression curve for the data set as 
shown in the figure. Weak coupling and placement have a tendency to decrease the amount of 
measured backscatter energy. This results in a shift up and to the left in the data point's 
orientation with respect to the regression curve as shown in figure. 
Each 40 dB ultrasound record was then analyzed to determine the relative backscatter 
energy received by the transducer array. This was performed by rectifying and averaging the 
ultrasound data for each of the uUrasound channels. The calculation resuUed in a value 
referred to as the relative energy index (EI) for the ultrasound sample. The energy index is a 
unitless quantity and is used only as a parameter in the formulation of a deterministic model 
for fat percentage and marbling score. 
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Figure 4.17. Effect of transducer array coupling and placement on beef carcass data 
measurements. 
4.6 Statistical Analysis 
The relative energy values for each record were statistically analyzed to determine the 
correlation with fat percentage and marbling score and to determine a prediction model for 
each group. All analyses were performed using Microsoft EXCEL. Tlie statistical parameters 
that were determined were Pearson's correlation coefficient (p), the coefficient of 
determination (R^), standard error and the regression model. Each set of data was analyzed 
usmg a confidence level of 95%. 
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5. RESULTS 
The scatter of the data in Figures 5.1 and 5.2 suggested that a possible operator 
dependent variable which needed to be compensated for in the analysis. Visual analysis of the 
high gain ultrasound records revealed notable variation in the intensity and quality of the 
ultrasound reflection obtained from tissue distant from the transducer array. Because of the 
noted intensity variations, a selection criterion was established based on the magnitude of the 
rear wall reflection obtained from the rib eye/back fat interface and the reflected ukrasound 
energy m the rib eye itself The sortmg of ultrasound records according to transducer contact 
characteristics was performed prior to performing the statistical analysis. The ultrasound 
records were sorted into two groups, 1 and 2, based on the cri.eria discussed above. Group 1 
contained ultrasound records which were suspected of having good transducer placement and 
coupling. Group 2 contained ultrasound records suspected of having weak transducer 
placement and coupling. 
Analysis of the backscatter energy content in all the ukrasound records resulted in a 
correlation to fat percentage of 0.66 (n=39, p<0.05). Similarly, analysis of the backscatter 
energy content in all the ultrasound records resulted in a correlation to marbling of 0.62 
(n=37, p<0.05). 
Analysis of the sorted groups revealed an improvement in the correlation between 
backscatter energy and fat percentage. The correlation to fat percentage in the rib eyes 
improved to 0.82 for group 1 (n=12, p<0.05) and 0.81 for group 2 (n==27, p<0.05). The data 
plots of the two sorted data sets are shown in Figures 5.3 and 5.4. The regression curves 
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Figure 5.2. Plot of marbling score versus backscatter Energy Index (EI). 
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have been graphed on the plots for clarity. The fat analysis statistics for the unsorted data set 
and the two sorted groups are listed in Table 5.1. It is believed that the improvement in the 
fat percentage prediction is the result of classifying like ultrasound signatures and computing 
their relationship with same-type data. 
A modest improvement in the correlation between backscatter energy and marbling was 
noticed m the group 2 data set and a sUght decrease in group 1 data set. The correlation 
coefficient for group 2 improved to 0.70 (n=25, P < 0.05). The data plots of the two sorted 
data sets are shown in Figures 5.5 and 5.6. The correlation of group 1 decreased to 0.59 
(n=l 1, P s 0.056) after sorting. The marbUng score analysis statistics for the unsorted data 
set and the two sorted groups are Usted in Table 5.2. The poor correlation for group 1 may 
be due in part to a small data set, bad marbUng score calls and/or weak correlation to fat 
percentage in the rib eye. Part of the difficulty involved in determining marbling using the 
instrumentation approach discussed above is that the hardware and analysis software were 
designed to measure the backscatter energy in the rib eye tissue. The backscatter energy is the 
result of fat particles and other issue particles having diameters {d) smaller than the wave 
length of the ultrasoimd wave (A), that is, d « A. For macro sized, discrete scatterers such as 
marbling fat, different analysis and instrumentation techniques must be used in order to 
reinforce the fat percentage/marble score relationship reported by Savell et al. (1986). A 
possible improvement in the hardware would be to implement a finer transducer array which 
would pick up sparsely spaced fat regions in the rib eye. The corresponding improvement in 
the analysis technique that might be implemented in addition to the one discussed thus far is 
one that sets a threshold level and counts the ultrasound reflectors that exceed it. The 
ultrasoimd reflections above the threshold level would, ideally, relate to the amount of 
marbling in the tissue. 
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Table 5.1. Statistical analysis of the relationship between fat percentage and backscatter 
energy in the longissimus dorsi muscle. 
Standard 
Data Set n p Error Model Equation 
Unclassified 
39 0.66 0.43 
Classified 
Group 1 
12 0.82 0.68 
Group 2 
27 0.81 0.66 
0.93 Fat% = 0.000304EI-1.588 
0.64 Fat% = 0.00036 lEI-3.814 
0.68 Fat% = 0.000354EI-2.233 
Table 5.2. Statistical analysis of the relationship between marbling and backscatter energy in 
the longissimus dorsi muscle. 
Standard 
Data Set n p Error Model Equation 
Unclassified 
36 0.62 0.39 67 
Classified 
Group 1 
11 0.59 0.35 48 
Group 2 
25 0.70 0.49 68 
Marbling Score = 0.0194EI - 153.0 
MarbUng Score = 0.0128EI - 40.36 
Marbling Score = 0.0240EI - 234.0 
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6. SUMMARY 
The research conducted thus far has shown great promise. The instrumentation has 
shown that an inexpensive A-mode system can perform as well or better than the more 
complex and expensive medical B-mode systems when used for carcass composition analysis. 
B-mode systems have resulted in correlations with fat percentage of 0.5 to 0.7 and 0.5 to 0.8 
with marbling. This system's correlation with fat percentage and marbling are on the average 
approximately 0.8 and 0.6, respectively. 
The data correlations were obtained via preclassification of the ultrasound data 
records. Preclassification of the uhrasound data records according to the transducer coupling 
characteristics was shown to improve the relation of fat percentage and marbling to 
backscatter energy. The correlation between fat percentage and backscatter energy improved 
to 0.81 fi-om about 0.66. Marbling correlation to backscatter energy had mixed resuks, 
however. The correlation between marbling and backscatter energy increased to 0.70 from 
0.62 for the weak coupling group and decreased slightly for the good coupling group from 
0.62 to 0.59. The results for marbling determiaation may or may not be significant since 
marbling is moderately related to fat percentage. Also, the measurement technique used in 
this research only relates the backscatter energy, resulting fi-om fat scatterers having an 
average size much less than that of the wavelength of the ultrasound signal, to fat percentage 
and not to marbling. In spite of the promising results achieved thus far, much more work is 
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needed before an industrial grading system can be realized. The primary areas of needed 
research are listed below. 
Temperature Coefficient of Beef Tissue The temperature coeflBcient of beef tissue 
needs to be fully understood so that the optimal measurement time during the slaughter 
process can be ascertained. It has been shown that the attenuation characteristics for muscle 
change from 4 dB/cm at 37 °C to 6 dB/cm at 4 °C and for fat change from 3 dB/cm to 16 
dB/cm for the same change in temperature (Anselmo et al., 1987). What needs to be 
determined is the fimctional relationship between temperature and attenuation, that is, a curve 
with attenuation versus temperature needs to be estabUshed. If a better understanding about 
the attenuation characteristics as a function of tissue temperature can be achieved, a more 
repeatable measurement may be made. 
Probe Position Depetidence The position dependence of the ultrasound probe should be 
studied in order to determine its effect on the repeatability of the measurement. Having a 
knowledge of the error which is to be expected by improper probe placement will give the 
operators (packers) a better idea of the error that is to be expected with this type of 
instrumentation. Furthermore, with additional software development, a means by which the 
instrumentation is able to determine its orientation and correct for its position automatically 
might be developed. 
Sis?ial Processing Techniques Additional signal processing techniques may need to be 
incorporated into this instrumentation. Analysis of the tissue attenuation characteristics in the 
frequency domain may provide additional information when making a fat percentage 
measurement. Adaptation of some medical imaging techniques may further aid in the 
determination of carcass composition measurements. 
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Imtrumentation Additional research into hybrid types of ultrasound instrumentation 
needs to be investigated. A system which has both A and B mode capabiUty would be 
particularly useful for both fat percentage and marbling estimates. Also, it might be possible 
to use both methods concurrently to remforce the fat percentage and marbling estimates made 
by the system. 
hidustrial Adaptation Correspondence with meat industry persoimel must be done in 
order to design a grading system which is going to be both practical and equitable for the 
packing plant operators. A grading system which is slow, costly and/or difficuk to use and 
maintain will not be feasible. Many of the research grading systems which have been 
promised to producers and packers are based on expensive medical grade B-mode equipment 
and take any where from minutes to hours of analysis to estabUsh a carcass grade. Grading 
systems, such as those previously mentioned, with poor grading speeds are unacceptable for 
an industrial setting. 
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APPENDIX A 
ULTRASOUND TRANSDUCER AND ARRAY 
CONSTRUCTION 
The transducers were constructed using special molding jigs. 'Hie molding jigs 
were provided for use courtesy of Renco Corporation, MinneapoHs, MN. A cross 
sectional view of the molding jig is shown in Figure A. 1. The mold has a slight ledge 
which seats the PZT crystal during assembly, llie part of the mold above the PZT crystal 
acts as reservoir for the epoxy matching layer and a thickness gauge when facing the 
quarter wavelength matching layer. Tlie part of the mold which lies underneath the PZT 
crystal acts a material reservoir when applying the backing material on the back side of the 
crystal. After the transducer materials had been loaded into the mold and allowed to cure, 
the front surface of the transducers was pohshed by removing the excess epoxy from the 
face the transducer. The front surface was polished down to the rim of the mold. Tlie 
transducers were removed from the molds and readied for integration into the array. Each 
transducer element was attached and aligned on a printed circuit board and potted into the 
array inold. After the epoxy cured, the array was removed from the mold and polished. 
The procedures for constmcting the transducers and the array are outlined below. 
Mechanical drawings for the array and the transducer elements may be found ui Appendix 
B. 
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Figure A. 1. Mold used in the constniction of the ultrasound transducers. 
Transducer construction steps: 
1) Remove the oxide layer on the metalized surface of the PZT element. This can be 
done by using a vei"y mild abrasive or dilute acid. Tlie author used a soft pencil eraser and 
methyl alcohol. 
2) Solder two 1" 30 AWG wire leads to the PZT element; one to the front surface and 
one to the back surface. Note that the front surface lead will be grounded in the electrical 
circuit. In order to keep track of front and back leads, it is best to color code them. Black 
colored insulated wire was used for the front surface lead and green colored insulated wire 
was used for the back surface. 
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3) Cement the PZT element into the mold using epoxy and allow 24 hours to cure. 
4) Mix a 19; 1 ratio of tungsten powder (20 |im particle size) and epoxy in small bowl. 
The total mass of the mixture should be about 8 gm. 
5) Pour mixture into the back of the transducer mold, press conical indentation plate into 
back of mold and allow 24 hours to cure. 
6) Remove indentation plate. 
7) Mix approximately 3 gm of epoxy and pour onto front of PZT element. Degas and 
allow to cure for 24 hours. 
8) Face excess epoxy from front of transducer. This can be done with either a sanding 
wheel or a lathe. If a sanding wheel is used, use fine grit sand paper. 
9) PoUsh front surface with a fine wet grit sand paper. 
10) Finely poUsh the transducer surface with a mild, Uquid, household cleaning abrasive. 
11) Remove the transducer element from mold and set aside. 
12) Repeat steps 1 through 11 until six transducers have been constructed. 
Ultrasound Array ConstructioQ Procedure: 
1) A prototype for the shape of the transducer array was fashioned from wood. Tlie 
prototype was sanded and varnished. The dimensions for the prototype are hsted in figure 
A.2. 
2) Place prototype in dish with flat bottom. Pour casting material over prototype and 
allow casting material to cure. The author used a soft acrylic base casting material. 
3) Construct a single sided printed circuit board such as the one shown in Figure A.3. 
4) Separate prototype shape from mold. 
5) Set mold in upright position and place the transducers along the center line of the 
curved face in the mold. 
6) With transducers positioned inside mold, bond them together with a thin strip of 
epoxy putty. Allow epoxy 24 hours to cure. 
7) Remove the transducers from the mold. 
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Figure A. 2. Transducer array mold form. 
1 : .5 cm Rad i us 
Figure A.3. Foil pattern for the transducer array printed circuit board. 
8) Attach the printed circuit board to the bonded transducers. Press a thin strip of epoxy 
putty on top of pervious strip of epoxy. Press the curved edge of the printed circuit 
board into the epoxy strip. Allow assembly to cure. 
9) Solder transducer leads to the printed circuit board. 
10) Solder tuning inductors to printed circuit board. 
67 
11) Solder a 3 foot length of coax cable to the printed circuit boards. The shield 
conductor of the coax cable should connect to the black lead on the transducer. 
12) Slide a 4 inch piece of heat shrink tubing over the coax cable bundle. Push tubmg 
down the length of cables so that it butts up against the printed circuit board. Use a heat 
gun to shrink the tubing. 
13) Place a strip of electrical tape over the faces of the transducers. 
14) Place the transducer array assembly into the mold. A notch for the cable harness wdll 
need to be made on the side of the mold. Seal the cable harness notch with clay or silicone 
sealant. 
15) Mix approximately 8 ounces of potting epoxy in a small bowl. Heat slightly in order 
to lower the viscosity. Pour into the mold. Allow epoxy to cure. 
16) Remove transducer array from mold. Clean clay or siUcone from the cable harness 
and remove the tape from the face of the array. 
17) If needed, sand the transducer body with fine grit sand paper to remove any surface 
imperfections. 
18) Seal the transducer body with mineral oil or other oil. Wipe off excess oil. 
19) Connect RCA phono connectors to the instrumentation end of the coax cables. 
Construction of the transducer array is complete. 
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APPENDIX B 
TRANSDUCER MECHANICAL DRAWINGS 
o Tl' ansO'.' ".• o'-j 
igi ire B.  1.  Mechanical  drawing of  (a)  transducer ana>' ,  (b)  general  t ransducer element and (c)  dimensioned tranducer element.  
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APPENDIX C 
DATA LOGGER ELECTRICAL SCHEMATICS 
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Figure C.  i .  Sclicinalic diagram of the digital  controller  circuit .  
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Figure C 4.  Schematic diagram of the power supply circuit  
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Figure C.5.  Schematic diagram of the TI-78 /  PC serial  interface.  
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APPENDIX D 
PARTS LISTING 
Table D. 1. Parts listing for electronic components used in data logger. 
Resistors 
PN Value Description 
R1,R21-R26, lOK 0.25W resistor, 5% 
R35,R37 
R2-R8,R33 IK 0.25W resistor, 5% 
R9-R14 3.3K 0.25W resistor, 5% 
R15-R20 270K 0.25W resistor, 5% 
R27-R32 470 0.25W resistor, 5% 
R34,R38 39K 0.25W resistor, 5% 
R36,R42 100 0.25W resistor, 5% 
R39 2.2K 0.25W resistor, 5% 
R40 120 0.25W resistor, 5% 
R41 1.5K 0.25W resistor, 5% 
R43 4.7K 0.25W resistor, 5% 
R44 91K 0.25W resistor, 5% 
R45 150K 0.25W resistor, 5% 
R46 220K 0.25W resistor, 5% 
R47 24K 0.25W resistor, 5% 
Capacitors 
PN Value 
C1,C2 22pF 
C3-C9 470pF 
C10,CI2, 22uF 
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C11,C13,C14, O.luF 
C28,C29,C33-C40 
C45,C48,C49,C55, 
C56,C58,C62,C63,C65,C69 
Description 
25V ceramic capacitor, 10% 
25V ceramic capacitor, 10% 
16V tantulum capacitor 
25 V ceramic capacitor, 10% 
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Capacitors (Continued) 
PN Value Description 
C15-C20 InF 25V ceramic capacitor, 10% 
C21-C26 1.5nF 500V ceramic capacitor, 10% 
C27,C48 lOuF 16V tantulum capacitor 
C30,C31 lOOpF 25 V ceramic capacitor, 10% 
C32 330pF 25V ceramic capacitor, 10% 
C41 220pF 25V ceramic capacitor, 10% 
C42,C43 lOnF 25 V ceramic capacitor, 10% 
C44 luF 160V electrolytic capacitor 
C46,C50-C52,C54, lOOuF 25V electrolytic capacitor 
C61,C61 
C57,C59,C64,C66 47uF 25V electrolytic capacitor 
C70-C73 luF 16V tantulum capacitor 
Inductors. Transformers and Chokes 
PN Value/Description 
LI lOOuH stack pole 
L2 220uH stack pole 
L3-L6 3 turns 26 AWG magnet wire on 
a dc - 40 MHz 5/16" ferritebead 
XFMRl Ferroxcube pot core 
Primary 1: 
30 turns CT 36 AWG magnet wire 
Primary 2: 
10 turns CT 36 AWG magnet wire 
Secondary: 
120 turns 36 AWG magnet wire 
Diodes and Transistors 
PN Type 
D1-D29 1N4148 
D30,D31,D34,D35 1N5817 
D32,D33 HER104 
Q1-Q8 2N2222A 
Q9-Q11 2N2907A 
Description 
High speed switching diode 
Schottky power diode 
Power diode PFV 300V 
NPN amplifier transistor 
PNP amplifier transistor 
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Diodes and Transistors (Continued) 
PN Type Description 
Q12 ZVP2110A P-channel MOSFET 
Q13 ZVN2110A N-channel MOSFET 
Integrated Circuits 
PN Type Description 
U1 DS5000T 8 bit 16 MHz MCU with 32K 
SRAM 
U2 DS2011 2048 byte FIFO 
U3 MB40558 40 megasample 8 bit ADC 
U4,U14 74HC00 Quad positive dual input NAND 
gate 
U5 74HC259 Addressable latch 
U6 74HC4051 8 channel multiplexer 
U7 AD600 Wide band amplifier with AGC 
U8 AD848 Wide band low power op amp 
U9 LF351 FET input op amp 
UIO MAX715 Power supply management 
system 
Ul l  LM79L05 Negative 5V linear regulator 
U12 LM78L09 Positive 9V linear regulator 
U13 LT1080 RS232 level converter/transceiver 
Miscellaneous Components 
PN Type 
SI 3PDT slidiag switch 
S2 SPST toggle switch 
XI 14.7456 MHz crystal 
79 
APPENDIX E 
DATA LOGGER PROGRAM LISTING 
*********************************************************************** 
TITLE: DS5000 Sound Logger Program 
WRITTEN BY: Kyle HoUand 
DATE: 12/92 
DEPARTMENT: Dept. of Biomedical Engineering 
^DESCRIPTION: 
The following assembly code program was written to control aU the acquisition 
features of the ultrasound data logger. The program performs three primary tasks. First, 
the program triggers the data logger's transducer pulses. Secondly, the program uploads 
the sampled ultrasound data from the FIFO into the DSSOOO's internal RAM via port 0 of 
the DS5000. Lastly, the data is uploaded to the TI-78, at 76800 baud, via the DS5000 
on chip serial communication interface. The program was written in Intel 8051 assembly 
language and was designed for use on the Dallas DS5000 series embedded 
microcontroller family. 
VARL\BLES/FUNCTIONS 
Definitions for the varibles may be found below next to their declaration m the 
ConstantA^ariable table. 
init: Initializes the DSSOOO's stack pointer, baud rate, clears interrupt register, set 
input ports and turns on analog cncuitry. 
main; Main control loop. This loop handshakes with with TI-78, initiates data sampling 
and sends data to TI-78. 
i_port: Initializes the data direction on ports PO, PI, P2 and P3. 
i baud: Initializes DSSOOO's SCI peripheral. Serial parameters; Baud: 76800 bps 
Data; 8 bits 
Parity: None 
Stop Bits: 1 
s data: This routine reads data from embedded memory and transfers it to the TI-78 m 
1024 byte packets. 
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;pulse: This routine sequential triggers the pulser array and uploads the ultrasound data 
; from theFIFO buffer 
$PAGELENGTH(60) 
SPRINT (\DATA\BME\D5A.LST) 
Constants/VaiiablGS *************************** 
dbuf EQU lOOOh ;24576 byte data buffer starting at lOOOh 
pulse l  EQU OlOh ;Pulser disable mask byte 
puiseO EQU OEFh ;Pulser enable mask byte 
analogl  EQU OOlh ;Anaolg circutry enable 
analogO EQU OFEh ;Anaolg circutry disable 
gain 1 EQU 020h ;High gain mask byte (Second AD600 Amp) 
gainO EQU ODFh ;Low gain mask byte (Second AD600 Amp) 
c lear l  EQU OOSh ;Clear pulser latch disable mask byte 
c learO EQU 0F7h ;Clear pulser latch enable mask byte 
b lankl  EQU 040h ;not used 
blankO EQU OBFh ;Gam input mask (Input /D600 Amp) 
read!  EQU OSOh ;FIFO read pin control, high state mask 
readO EQU 07Fh ;FIFO read pia control low state mask 
c lockl  EQU OOSh ;Sample clock enable, high state mask 
c lockO EQU 0F7h ;Sample clock enable, low state mask 
rese t l  EQU 020h ;FIFO reset pin control, high state mask 
rese tO EQU ODFh ;FIFO reset pin control, low state mask 
dlayof lF EQU 006h ^lot used 
dlayO EQU OFDh •,not used 
d layl  EQU OFBh ;not used 
mux 0 EQU 0F8h ;Clear multiplexer lines mask byte 
f empty EQU OSOh ;FIFO empty flag, input on port 2 
fjull EQU 040h ;FIFO fiill flag, input on port 2 
xdcr num EQU 006h ;Transducer counter register 
gains tep  EQU 002h ;Number of gain steps register, set to 2 for 
;this system 
dlaystep EQU 002h ;not used 
tenable  EQU 044h ;DS5000 timer configuration register 
anitialization byte 
tconf ig  EQU 020h ;DS5000 timer mode register 
;initialization byte 
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sconf ig  EQU 050h ;DS5000 serial configuration register 
initialization byte 
td iv ide  EQU OFFh ;Baud rate divisor byte 
getdat  EQU OODh ;Acquire data command code 
ack EQU 006h ;Serial acknowledge character 
nak EQU 015h ;Serial negative acknowledge character 
pace EQU 005h ;Intercharacter serial pacing byte 
bpace EQU 020h ;Interblock serial pacing byte 
blocks EQU 0I8h ;Number of data blocks to send, allows 24 
;blocks 
power EQU 080h ;Power control initialization byte 
.************************ Initialize DS5000 Routine ************************* 
mov SP, #05Fh ;Set stack to addr 5Fh 
mov IE,#000h ;Disable interrupts 
Icall i_port ;Call port initializiation routine 
Icall ibaud ;Call serial port initialization routine 
orl P2, #analog_ 1 ;Tum on analog circuitry 
.  s f : ^ *  ^  H e  ^  : ) c ) { ( ) { c  3 ^ :  *  s j c ^  3 ) c  } { c  ^ i c ^ c f c j e  : 4 c ^  9 | c  : 1 c  ) ) e } ) :  : { e  ) j c  : 1 c  M c f c  ^ ) | c  ^  3 { e s i c  ) | c  ) i c  : 4 : } } :  ^  * *  ^  ^  *  ^  * * * * * *  *  
* -^ c DJc :JC D(C * :fc -^ c :fc ojc :fc :{c :(c * :ic 3{c ^  :|c :{c :(c :fc * :fc :{c :Jc  ^^  ^  ^   ^^  ^  ^  ^   ^  ^^  ^   ^^  ^  ^   ^^  ^   ^^  ^   ^^  ^  ^   ^
mam: 
mil :  
jnb RI ,$  ;Read serial port status, repeat if empty 
mov A, SBUF ;Move serial data to acummulator 
ch- RI ;Reset serial data flag 
cjne A, #get_dat, mil ;ls the received data byte the acquisition 
;command? if no, got mil 
mov A, #ack ;Load acknowledge byte into acummulator 
mov SBUF, A ;Load serial data buff with ack byte and send 
jnb TI ,$  ;Read serial port xmit flag, repeat if full 
clr T1 ;Reset xmit flag 
Icall pulse ;Call ultrasound data acquisition routine 
Icall sdata  ;Call data up load routine 
sjmp main ;Repeat control loop 
mov A, #nak ;Load accummulator with negative acknowledge 
;byte 
mov SBUF, A ;Load serial buffer nak byte and send 
jnb TI ,$  ;Read serial port xmit flag, repeat if fiill 
82 
clr TI ;Reset xmit flag 
sjmp main ;Repeat control loop 
.********************************************************************* 
.**************************** Syj)routines ******************************* 
.*********=(!****************** Initialize Ports ****************************** 
mov PO, #OFFh ;Set port 0 pins for input 
mov PI ,  #OEOh ;Set port 1.6 and 1.7 pins for input. 
;outputs 
mov P2, #0F6h ;Set port 2.0 and 2.3 pins for input. 
;outputs 
mov P3, #OFFh ;Set port 0 pins for input 
ret ;retum to main control loop 
.**************************** Jjijtialize Serial Port ************************** 
i baud: mov A, #power ;Load accumulator with init byte (enables 
;DS5000 POR) 
orl PCON, A ;Set PCON reg POR bt 
mov TMOD, #t_config ;Enable timer in mode 2 
mov TCON, #t_enable ;Tum on timer 1 
mov THl, #t_divide J^oad timer 1 divisor byte for baud rate 
;genration 
mov SCON, #s_config ;Set SCI for Mode 1 and enable receiver 
clr TI ;Reset xmit full flag 
ret ;Retum to main control loop 
.:4eiic:4:*it:*:4c + *s(tsf:**5(c***:)c5ic5(e***5ie** TratlSfcr ROUtilie ************************** 
sdata :  mov DPTR, #dbuf ;Set start addr of 24576 byte data buffer 
mov R3, #blocks ;Load number of blocks to transfer (24 for this 
;apphcation) 
slO; mov R7, DPH ;Save data pointer in case of resend 
mov R6, DPL 
mov RO, #bpace ;Load interblock pacing delay 
plO: nop ;Execute delay loop 
djnz RO, plO 
mov R2, #20h ;Load byte loop counters into Rl and R2 
sll; mov Rl, #20h 
sl2: movx A, @DPTR ;Read data byte form data buffer 
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mov SBUF, A ;Send data byte to TI-78 
jnb TI, $ ;Read serial port xmit flag, repeat if fiill 
clr TI ;Reset xmit flag 
inc DPTU ;Iiicrement data pointer 
mov RO, #pace ^^oad intercharacter pacing delay into RO 
pl l :  nop ;Execute  delay loop 
nop 
djnz RO, pll 
djnz Rl, sl2 ;Decrease byte counter in R1 by 1, if nz goto sl2 
djnz R2, sll ;Decrease byte counter in R2 by 1, ifnz goto sll 
mov R5, DPH Save data pointer in R4 and R6 
mov R4, DPL 
mov DPL, R6 ;ReIoad data pointer from R6 and R7 
mov DPH, R7 
jnb RI, $ ;Read serial port status, repeat if empty 
mov A, SBUF ;Load serial character from serial buffer 
ck RI ;Reset receive flag 
cjne A, #ack, slO ;Ifnak, resend current block 
mov DPH, R5 ;Load next block into data pointer from R4 and R5 
mov DPL, R4 ; 
djnz R3, slO ;Decrement block counter, if nz send next block 
ret ;Retum to main control loop 
.****#***********»******#*** Data Routine ************************** 
pulse: mov DPTR, #dbuf ;Load data pointer with start addr of data buffer 
anl P2, #dlay_0 ;Set default delay line 
anl P2, #reset_0 ;Clear FEFO memory 
nop 
orl P2, #reset_l ;Enable FIFO memory 
mov R4, #xdcr_num ;Load R4 with maximum number of transducers to 
;scan 
anl PI, #blank_0 ;Set AD600 input amp gain at 20 dB 
tl: mov A, R4 ;Load acummulator with transducer pointer 
dec A ;decrease pointer by 1 and pointer to xducer 5 
anl Pl,#mux_0 ;Clear multiplexer bits on port 1 
orl PI, A ;Write transducer pointer to port 1 
mov R3, #gain_step ;Load gain counter into R3 
gl: anl PI, #gaia_0 ;Set amplifier gain to minimum setting 
cjne R3, #gain_step, gll :if R3<>gain_step goto gll 
orl PI, #gain_l ;Set ampUfier gain to maximum settting 
gl l :  anl  P2,  #reset_0 ;Clear  FIFO memory 
orl P2, #reset_l ;Enable FIFO memory 
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anl PI, #clear_0 
orl PI, #clear_l 
orl P2, #clock_l 
anl PI, #pulse_0 
orl PI, #pulse 1 
mov A,P2 
anl A,#f_fiill 
jnz wl 
anl P2, #clock 0 
mov R7, #40h 
mov R6, #20h 
anl PI, #read_0 
mov A, PO 
movx (^PTR, A 
orl PI, #read_l 
inc DPTR 
djnz R6, rdO 
djnz R7, rdl 
djnz R3,gl  
djnz R4, tl 
ret 
;Clear 74HC259 addressable latch IC 
;Enable 74HC259 addressable latch IC 
;Enable sample clock 
;Pulse transducer addressed by R4 
;Reset pulser 
;Check FIFO full status line 
jepeat if FIFO not full 
;Disable sample clock 
J^oad R6 and R7 with databyte counter 
;Assert FIFO read line 
;Read data byte from FIFO 
;Store data byte in data buffer 
;Deassert FIFO read Une 
;Point to next data byte in data buffer 
;Decrease data byte counter in R6 by 1 and continue 
;if not zero 
;Decrease data byte counter in R7 by 1 and continue 
;if not zero 
;Decrease gain counter in R3 by 1 and continue 
;if not zero 
;Decrease transducer counter in R4 by 1 and 
;continue if not zero 
;Retum to main loop 
END ;End of program 
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APPENDIX F 
USER INTERFACE PROGRAM LISTING 
:(c :4c sic :(e :{e:){){: :]e :1c :1c :{c :4e :)c :{c 3]e :{c 3{c }|c 3(c )|c :f; He ^   ^:1c ^   ^^  ^  ^   ^:4c 
TITLE: TI-78 Sound Logger Program 
WRITTEN BY: Kyle Holland 
DATE; 12/92 
DEPARTMENT: Dept. of Biomedical Engineering 
DESCRIPTION: 
The following program is the code written for the user interface in the TI-78 
environment. The code performs the flmctions of 1) acquiring uUrasound data from the data 
logger, 2) transfering data to a personal computer, 3) data file managing and 4) battery power 
monitoring. The program is entirely menu driven. Each command option is excuted via one 
stroke key board entries. The code was written in 8088 assembly language and C++. 
#include <\c600\include\stdio.h> 
#include <\c600\include\string.h> 
#include <\c600\include\io.h> 
#include <\c600\include\dos.h> 
#include <\c600\iaclude\ermo.h> 
#include <\c600\include\fcntl.h> 
#include <\c600\include\sys\types.h> 
#include <\c600\include\sys\stat.h> 
#include <\ti78\screen.h> 
#include <\ti78\li781ib.h> 
void make_file(void); 
void pc_transfer(void); 
void ds_transfer(void); 
void menu(char toggle); 
void battery_status(void); 
void set_ti78_contrast(void); 
void delete_file(void); 
void logger ofiR^void); 
void diskmem(void); 
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unsigned char s_init(unsigned char baud, unsigned char cdata); 
unsigned char s_write(int bsize, unsigned char *bptr, unsigned int pace); 
unsigned char s_read(int bsize, unsigned char *bptr, unsigned int timeout); 
unsigned char cksum(unsigned int bsize, unsigned char *bptr); 
unsigned char set_cksum(unsigned mt bsize, unsigned char *bptr); 
ROUTINE: Main Program Loop 
PURPOSE: The main program loop takes single key keyboard entries from the operator 
and executes the corresponding operation. The operations that may be 
selected are: 
1) Acquke Ultrsound Data 
2) Send Data File to PC 
3) Liitialize Data File 
4) Delete Data File 
5) Change LCD Contrast 
6) Check Battery Level 
7) Quit 
8) Disk Space Check 
main() 
{ 
unsigned int c; 
autooff_set(150); 
powerofif_set( 1); 
cursofi(); 
key_click( 1); 
menu('t'); 
cpu_clock_sw( 1); 
while (1) 
{ 
c = getcinO; 
switch (c) 
{ 
case '1': 
ds_transfer(); 
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menu('t'); 
break; 
case '2': 
pctransferO; 
menu('t'); 
break; 
case '3': 
make_file(); 
menu('t'); 
break; 
case '4': 
delete_file(); 
menu('t'); 
break; 
case '5'; 
set_ti78_contrast(); 
menu('t'); 
break; 
case'6'; 
batterystatusO; 
menu('t'); 
break; 
case '7'; 
loggeroSO; 
menu('t'); 
break; 
case '8': 
diskmemO; 
menu('t'); 
break; 
case 0x4b00: 
break; 
case UP; 
menu('t'); 
break; 
case DOWN: 
menu('b'); 
break; 
case 0x4d00: 
break; 
} 
} 
} 
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ROUTINE: Menu 
PURPOSE: This subroutine displays the command options on the TI-78 display. There 
are two menus which are displayed on the LCD. They are selected by 
pressing the up arrow key or the down arrow key. 
void menu(char toggle) 
{ 
switch (toggle) 
{ 
case't': 
{ 
cls(); 
chars_reverse(); 
printf(" Sound Logger Menu \n"); 
chars_normal(); 
printf("l. Get Logger Data Vn"); 
printf("2. Send Files to PC \n"); 
printf("3. Init Data File \n"); 
printf("4. Delete Data File \n"); 
printfl^"5. LCD Contrast \n"); 
charsreverseO; 
printf(" Enter Selection. \n"); 
printf(" Next Page <%c> ",0x19); 
break; 
} 
case 'b': 
{ 
cls(); 
chars_reverse(); 
printf(" Sound Logger Menu \n"); 
chars_normal(); 
print^"6. Battery Check \n"); 
printf("7. Quit \n"); 
printf("8. Disk Space \n"); 
printfC' \n"); 
printf{" \n"); 
chars_reverse(); 
printf(" Enter Selection. \n"); 
printf(" Previous Page <%c> ",0x18); 
89 
break; 
ROUTINE: Logger OfiF 
PURPOSE; This subroutine turns of the TI-78, discontinuing operation. If the data logger 
is on when entering this routine, the TI-78 will not turn oflf and the routine 
prompt the user to turn off the data logger. This feature helps prevent battery 
loss in the data logger in the event that it is accidentally left turned on. 
void logger ofiR^void) 
{ 
if (cd_sts() ==1) 
{ 
cls(); 
chars_nonnal(); 
gotoxy(4,l); 
printf(" TURN LOGGER OFF "); 
beep(3,5,5); 
chars_reverse(); 
gotoxy(8,l); 
printf(" <ESC> to Continue "); 
while(getcin()!=Oxlb); 
beep(0,0,0); 
{ 
powerofif_set(0); 
soft_powerofi(); 
} 
} 
90 
ROUTINE; Batteiy Status 
PURPOSE: This routine checks the battery levels of the TI-78 main batteiy, memory 
backup battery and the data logger battery. The logger battery is sensed by 
poling the serial port's carrier detect input line. 
void battery_status(void) 
{ 
cls(); 
chars_reverse(); 
printf("Battery Status Menu \n"); 
chars_normal(); 
printf("\n"); 
if(cd_sts()==l) 
printf{"Logger Battery Ok \n"); 
else 
{ 
printflj"Logger Battery Low\n"); 
beep(2,20,0); 
} 
if (main_bat_check()==0) 
printI("TI 78 Battery Ok \n"); 
else 
{ 
printf("TI 78 Battery Low\n"); 
beep(2,20,0); 
} 
if (sub_bat_check()==0) 
printf("TI 78 Backup Ok \n"); 
else 
{ 
printf("TI 78 Backup Low\n"); 
beep(2,20,0); 
} 
printf("\n"); 
chars_reverse(); 
printf("\n"); 
printf(" <ESC> to Continue "); 
while(getcin()!=0x lb); 
} 
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ROUTINE: Set TI-78 Contrast 
PURPOSE: This routine darkens or lightens the TI-78 LCD. Pressing the '+' key darkens 
the display and pressing thekey lightens the display. 
void set_ti78_contrast(void) 
{ 
unsigned int c; 
int s; 
cls(); 
chars_reverse(); 
printf(" Set LCD Contrast \n"); 
chars_normal(); 
printfl^"\n"); 
printf("Press <+> to Darken \n"); 
printf("\n"); 
printf("Press <-> to LightenVn"); 
printf("\n"); 
printf("\n"); 
chars_reverse(); 
printl(" <ESC> to Continue "); 
s = contrast_read(); 
while ((c=getcin())!=Oxlb) 
{ 
i f ( (c== '+ ' )&&(s<31))  
{ 
S++; 
contrast_set(s); 
}; 
if ((c == '-•)&&(s > 0)) 
{ 
S-; 
contrast_set(s); 
} 
} 
} 
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ROUTINE: Delet FUe 
PURPOSE: Deletes the data file residing in the TI-78's RAM disk. 
:jc :{c :(c :je :{c 3{c sf: :fc 4c ^  :fofe 4c 3t: 3K * 3*: * 3t: 4:3{c :1c 3t: 3)c lie * ^  :fe 3(c:](^  3fe :t: :)c :{£ :>{: :|c  ^})c:{(:)o)c :{c If: :te :fc:ic ^ :4c:{e :4c :{c 3|c :4: y' 
void delete_file(void) 
{ 
char c; 
cls(); 
chars_reverse(); 
printf(" Delete Data File? \n"); 
chars_normal(); 
printf{" Enter <y/n> "); 
klockset(O); 
chars_normal(); 
while (((c=getcin())! ='y )&&(c! ='n')); 
klockset(l); 
switch(c) 
{ 
case y: 
{ 
remove("carcass.dat"); 
gotoxy(5,l); 
printf(" Data File Deleted "); 
break; 
) 
case 'n': 
{ 
gotoxy(5,l); 
printf(" No Action Taken "); 
break; 
} 
} 
chars_reverse(); 
gotoxy(8,l); 
printf(" <ESC> to Continue "); 
while(getcin()!=Oxlb); 
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ROUTINE: PC transfer 
PURPOSE: This routine transfer the contents of the RAM disk to a personal computer. 
The data is shipped in 1024 byte blocks at a baud rate of 38400 baud. After 
each block is sent, the routine waits for an acknowledge character. If an ack 
received, then ext block is sent. However, if a nak is received, the previous 
block is sent again. After the transfer is complete, the routine shuts off the 
TI-78. 
void pc_transfer(void) 
{ 
int i, topblk; 
long ptr, bcounter; 
char eflag; 
static unsigned char ibuf[1024], obuf[1024]; 
FILE *fptr; 
cls(); 
if (Gd_sts() ==0) 
{ 
if((:^tr = fopen("carcass.dat", "rb")) != NULL) 
{ 
dtr_on(); 
s_init(6, OxaO); 
charsnormalO; 
gotoxy(4,l); 
printf("Waiting For ACK\n"); 
do 
{ 
eflag = s_read(l, obuf, OxaOOO); 
if (eflag == 0x00) 
if (obuf[0] == 0x06) 
{ 
s_write( 1 ,obiif, 1); 
} 
else 
{ 
obuf[0] - 0x15; 
s_write(l,obuf, I); 
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} 
} 
while (eflag == 0x20); 
fseek(fptr, OL, SEEK_SET); 
fread(ibufi 1024, 1, fptr); 
fi3ush(fi3tr); 
rewind(fptr); 
topblk = 256*ibuf[0] + ibufll]; 
gotoxy(5,l); 
printi( "Blocks To Send-> %d",topblk); 
bcounter = (long) 2; 
do 
{ 
s_write(1024, ibuf^ 100); 
eflag = s_read(l, obuf, OxaOOO); 
} 
while ((obuf[0] == Oxl5)||(eflag == 0x20)); 
fseek(ft)tr,(bcounter- IL)* 1024L, SEEK SET); 
while (bcounter <= (long) topblk) 
{ 
ptr = ftell(^tr); 
for(i=0; i<1024; i++) 
ibuf[i]=fgetc(fptr); 
fDush(^tr); 
do 
{ 
s_write( 1024, ibuf, 100); 
eflag = s_read(l, obuf, OxaOOO); 
} 
while ((obuf[0] == Oxl5)||(eflag == 0x20)); 
gotoxy(6,l); 
printf("Blocks Sent -> %d\n",bcounter); 
printf("BP->%10.0f,(float )ptr); 
bcounter++; 
} 
fclose(fptr); 
dtr_ofi(); 
poweroflF_set(0); 
sofi;_powerofi(); 
gotoxy(8,l); 
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} 
else 
{ 
printfll'Tile Open Error"); 
} 
cls(); 
chars_normal(); 
gotoxy(4,l); 
printf(" TURN LOGGER OFF "); 
beep(3,2,2); 
chars_reverse(); 
gotoxy(8,l); 
prmtf(" <ESC> to Continue "); 
while(getcin()!=0x! b); 
beep(0,0,0); 
} 
} 
y* ********************************************************************** 
ROUTINE: DS Transfer 
PURPOSE: This routine receives data from the data logger and stroes it in the RAM disk. 
Data is received in 1024 byte blocks at a rate of 76800 baud. Each block is 
verified with a ack/nak handshake. If an incomplete block is received, a nak 
is sent to the data logger to resend the block. Otherwise an ack is sent and 
the program waits to receive the next block of data. 
***********************************************************************y 
void ds_transfer(void) 
{ 
int i, counter; 
long p, ptr,bcounter; 
int eflag; 
char c; 
static unsigned char obuf[1024]; 
FILE *fptr; 
if(cd_sts() == 1) 
{ 
cls(); 
chars_reverse(); 
printfl^ "Press any key to getVn"); 
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printfC ULTRASOUND DATA \n"); 
chars_normal(); 
while(getcin() == 0x00); 
do 
{ 
if((j^tr= fopen("carcass.dat", "r+b")) != NULL) 
{ 
s_mit(7, OxaO); 
do 
{ 
obuf[0] = OxOd; 
s_write(l, obitC 1); 
eflag = s_read(l, obuf^ OxaOOO); 
} 
while ((eflag == 0x20)||(obuft0] == 0x15)); 
gotoxy(5,l); 
counter = 0; 
fseek(^tr, (long) 0, SEEK SET); 
fread(obu^ 1024, 1, fptr); 
fflush(fptr); 
i=256*obufI0] + obuf^l]; 
if(i<361) 
{ 
gotoxy(3,l); 
printf("Samples -> %d", i/24+1); 
p = (long) i * 1024L; 
rewrad(fptr); 
fwrite(obuf, 1024, 1, fptr); 
fflush(fptr); 
gotoxy(4,l); 
printfC "); 
fseek(fptr, (long) 0, SEEK END); 
for(bcounter = 1; bcoimter <= 24; bcounter++) 
( 
do 
{ 
eflag = s_read(1024, obuf, OxaOOO); 
if (eflag != 0x20) 
{ 
gotoxy(4,1); 
printf("Loading Block 
-> %d\n",bcounter); 
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fseek(fptr, (long) p, 
SEEK_SET); 
ptr = ftell(fptr); 
p = p+ 1024L; 
fwrite(obuf^ 1024, 1, 
fptr); 
fDush(]^tr); 
printfl:"BP->%12.0f\n", 
(float )p); 
printf("P->%12.0f', 
(float)ptr); 
obuf[0] = 0x06; 
s_write(l, obuf, 1); 
} 
else 
{ 
obuf[0] = 0x15; 
s_write(l, obuf, 1); 
} 
} 
while (eflag == 0x20); 
} 
fseek(fptr, (long) 0, SEEK SET); 
fread(obu^ 1024, 1, fptr); 
fBush(fptr); 
i = 256*obuf[0] + obuf[l] + 24; 
obuftO] = i/256; 
obuf[l] = i%256; 
fseek(4)tr,(long) 0, SEEK SET); 
fwrite(obufi 1024, 1, fptr); 
fflush(fptr); 
fclose(^tr); 
gotoxy(5,l); 
printfl^" File Saved. \n"); 
printf("Blocks Missed -> %d",counter); 
} 
else 
{ 
cls(); 
chars_normal(); 
gotoxy(4,I); 
printf(" Out of Memory! "); 
close(fptr); 
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} 
} 
else 
{ 
gotoxy(5,l); 
printf(" File Open Error "); 
} 
beep(2,10,0); 
chars_reverse(); 
gotoxy(8,l); 
printf(" <ESC> to Continue "); 
chars_nonnal(); 
} 
wbile(getcin()! =0x 1 b); 
} 
else 
{ 
} 
} 
/*********************************************************************** 
ROUTINE: Make File 
PURPOSE: This routine creates the data file in the RAM disk. It also initializes the 
header block of the data file. The header block is 1024 bytes long. 
void make_file(void) 
{ 
int i; 
FILE *fptr; 
unsigned char c, dbufI1024]; 
cls(); 
charsnormalO; 
gotoxy(4,l); 
printfi:" TURN LOGGER ON "); 
beep(3,2,2); 
chars_reverse(); 
gotoxy(8,l); 
printf(" <ESC> to Continue "); 
while(getcin()!=Oxlb); 
beep(0,0,0); 
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cls(); 
charsreverseO; 
printf(" Create Data File? \n"); 
chars_normal(); 
printfC Enter <y/n> "); 
klockset(O); 
chars_normal(); 
while (((c=getcin())!=y)&&(c!-n')); 
klockset(l); 
switch(c) 
{ 
case 'y*: 
{ 
if((^tr = fopen("carcass.dat","w+b")) != NULL) 
{ 
memset(dbu^'\0', 1024); 
dbuf[0] = 0; 
dbuf[l]= 1; 
fvvrite(dbuf^ 1024, 1, ^tr); 
fflush(fptr); 
rewind(fptr); 
fclose(fptr); 
gotoxy(5,l); 
printf(" File Made "); 
} 
else 
{ 
gotoxy(5,l); 
prmtf("Error Opening File"); 
} 
break; 
} 
case 'n'; 
{ 
gotoxy(5,l); 
printf(" No Action Taken "); 
break; 
} 
} 
charsreverseO; 
gotoxy(8,l); 
printf(" <ESC> to Continue "); 
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while(getciii()!=0x lb); 
} 
ROUTINE; Diskmem 
PURPOSE: This routine accesses the RAM disk directory and determines the amount 
of free disk space on the RAM disk. 
void diskmem(void) 
{ 
struct diskfree t d; 
longp; 
_dos_getdiskfree(0,&d); 
p= (long)(d.avail_clusters)*(long)(d.sectors_per_cluster) 
*(long)(d.bytes_per_sector); 
cls(); 
chars_normal(); 
gotoxy(4,l); 
printf("Mem> %12.0f',(float)p); 
chars_reverse(); 
gotoxy(8,l); 
prinif(" <ESC> to Continue "); 
while (getcia() != Oxlb); 
} 
ROUTINE: S Init 
PURPOSE: This routine initializes the TI-78's serial communication port. Two bytes are 
passed to the routine. The first byte sets the baud rate and the second byte configures the 
communication lines. 
unsigned char s_imt(unsigned char baud, unsigned char cdata) 
{ 
unsigned char status; 
baud = baud + 0x88; 
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asm 
{ 
cli ; turn off interrupts 
mov ah, 6 ; turn off serial interrupts 
int 0x14 
test cdata, 0x80 ; open communication channel? 
jz U1 ; jump if no 
in al, Oxal 
test aL, 1 
jz ilO 
mov al, OxcO 
out Oxal, al 
mov al, 0x80 
out Oxal, al 
mov al, baud 
out Oxal, al 
jmp il2 
test cdata, 0x40 ; close communication channel? 
jz il2 ; jump if no 
mov ah, 0x84 ; turn off DTR hne 
mov al,0 
int 0x14 
mov ah, 0x85 ; turn off RTS line 
mov al,0 
int 0x14 
mov ah, 0x88 ; close communication channel 
int 0x14 
jmp il8 
test cdata, 0x20 ; select serial port 
jz il3 
mov ah, 0x8a 
mov al, 0 
int 0x14 
jmp il4 
test cdata, 0x10 ; select optical port 
jz U4 
mov ah, Ox8a 
mov al, 1 
int 0x14 
test cdata, 8 ; turn on DTR line 
jz il5 
mov ah, 0x84 
mov al, 1 
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int 0x14 
jmp il6 
test cdata, 4 
jz il6 
mov ah, 0x84 
mov al, 0 
int 0x14 
test cdata, 2 
jz il7 
mov ah, 0x85 
mov al, 1 
int 0x14 
jmp il8 
test cdata, 1 
jz ilS 
mov ah, 0x85 
mov al, 0 
int 0x14 
mov ah, 3 
int 0x14 
mov status, al 
sti 
, turn oflFDTR line 
; tixm on RTS line 
; turn off RTS line 
; get uart status 
; Isb into status 
; tiuTi on ioterrupts 
return status; 
ROUTINE: S Write 
PURPOSE: This routine writes data out to the serial port. Data is written in 1024 byte 
blocks. 
imsigned char s_write(int bsize, unsigned char *bptr, unsigned int pace) 
{ 
unsigned char eflag; 
asm 
{ 
ch ; turn off interrupts 
mov bx, bptr ; load dbuf address 
mov dx, bsize ; load buffer size 
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wlO; mov cx, pace ; load pacing delay 
wll; in al, Oxa 1 ; check for xmit register empty 
test al 1 
jz wll ; empty? if no then try again 
mov al [bx] ; read data from dbuf 
out OxaO, al ; write to i/o port 
wl3: jmp wl4 ; start intercharacter pacing delay 
wl4: loop wl3 ; loop to wl3 until cx = 0 
inc bx ; point to next buffer location 
dec dx ; decrement byte counter 
jnz wlO ; send more data? if yes then continue 
sti ; turn on interrrupts 
} 
return eflag; 
) 
ROUTINE: S Read 
PURPOSE: This routine reads data from the serial communication port. Data read is 
stored in a 1024 byte buffer which is passed back to the calling progam. 
unsigned char s_read(int bsize, unsigned char *bptr, unsigned int timeout) 
{ 
unsigned char eflag; 
asm 
{ 
cli ; turn ofifinterruots 
mov bx, bptr ; load dbuf address 
mov dx, bsize ; load buffer size 
rlO: mov cx, timeout ; load timeout delay 
rll: in al, Oxa 1 ; check receive data flag 
test al, 02 
jnz rl2 ; data? if yes then get it 
loop rll ; timeout (cx=0)? if no then try 
mov eflag, 0x20 ; error - timeout has occured 
jmp rl4 ; end routine 
rl2: in al, OxaO ; read data from L/o port 
mov [bx], al ; save in dbuf 
104 
inc bx ; point to next buflFer location 
dec dx ; decrement byte counter 
jnz rlO ; get more data? if yes then continue 
mov eflag, 0 ; no error - data transfer successful 
sti ; turn on interrrupts 
} 
return eflag ; 
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APPENDIX G 
PC UPLOAD PROGRAM LISTING 
TITLE: 
WRITTEN BY; 
DATE: 
PC Data Transfer Program 
Kyle Holland 
12/92 
DEPARTMENT: Dept. of Biomedical Engineering 
DESCRIPTION: This program is used to receive the ultrasound data stored in the TI-78. 
Data is received in 1024 byte blocks. The data file is stored in a file 
named by the user prior to data transimission. 
#include <stdio.h> 
#include <string.h> 
#include <process.h> 
#include <conio.h> 
#include <graph.h> 
#include <io.h> 
#include <sys\types.h> 
delude <sys\stat.h> 
#include <fcntl.h> 
void init_serial(void); 
unsigned char s_write(unsigned int bsize, unsigned char *bptr, unsigned int pace); 
unsigned char s_read(unsigned int bsize, unsigned char *bptr, unsigned int timeout); 
char fiiame[10], c, sflag; 
static unsigned char dbuf[1024]; 
int topblk; 
long ptr, bcounter; 
FILE *fptr; 
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ROUTINE: Main Program Loop 
PURPOSE: This routine prompts the user to enter the filename of a file in which the data 
will be stored. The program then proceeds to handshake with Tl-78 and 
receive the ultrasound data set. 
7 
main() 
{ 
do 
{ 
_clearscreen(_GCLEARSCREEN); 
do 
{ 
strset(fiiame,'\0'); 
printf("\n"); 
printf("Enter Filename:> "); 
gets(fiiame); 
} 
while(strlen(fiiame)> 12); 
printf("Is Above Information Correct? (y, n or ESC to quit) "); 
c = getchO; 
} 
while((c == 'N") 1| (c == 'n') || (c == OxOd)); 
if (c == Oxlb) 
exit( 1); 
_clearscreen(_GCLEARSCREEN); 
remove(&ame); 
if ((fptr == fopen(fiiame,"w+b")) != NULL) 
{ 
init_serial(); 
do 
{ 
buf[0] = 0x06; 
s_write(l, dbuf, 1); 
sflag = s_read(l,dbuf,OxaOOO); 
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} 
while((sflag = 0x20)|l(dbufI0] = 0x15)); 
do 
{ 
sflag = s_read(1024, dbuf^ OxaOOO); 
if(sflag = 0) 
{ 
topblk = 256*dbuf[0] + dbuf[l]; 
_clearscreen(_GCLEARSCREEN); 
prmtfl^"Number of blocks to receive -> %d\n",topblk); 
bcounter = 2; 
fseek(fptr,OL,SEEK_SET); 
fwrite( dbuf^ 1024, 1, fptr); 
strset(dbul^O); 
dbuf[0] = 0x06; 
s_write(l, dbuf^ 1); 
} 
else 
{ 
printf("ERROR "); 
dbuf[0] = 0x15; 
s_vvrite(l, dbuf, 1); 
} 
} 
while (sflag = 0x20); 
while (bcounter <= topblk) 
{ 
if(s read(1024, dbuf, OxaOOO) ~ 0) 
{ 
fseek(^tr,((bcounter-1 )*! 024L),SEEK_SET); 
ptr = ftell(fptr); 
f\vrite(dbu{^ 1024, l,fptr); 
_settextposition(5,1); 
strset(dbuf,0); 
printf( "Number of blocks received -> %d\n",bcounter); 
printfl^"data ptr -> %15.0f',(float)ptr); 
dbuf[0] = 0x06; 
s_write(l, dbuf, 1); 
bcounter++; 
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{ 
dbuf[0] = 0x15; 
s_write(l, dbuf^ 1); 
} 
} 
fclose(^tr); 
} 
else 
{ 
_clearscreen(_GCLEARSCREEN); 
prmtf("Error opening %s!\n",fiiame); 
exit(l); 
} 
} 
ROUTINE: Init Serial 
PURPOSE: This routine initializes the serial port. The serial parameters are listed to 
below. 
void init_serial(void) 
{ 
/* Serial Initialization 
Initializes coml to: 38.4 kbaud 
8 bit data word 
no parity 
1 stop bit 
*1 
asm 
{ 
mov ah, 0 ; load ah with fiinction code (init) 
mov al, 0xe3 ; load al with word length, parity, stopbit data 
iat 0x14 ; vector to bios serial routine 
mov dx, 0x03 fb ; load dx with coml line control reg addr 
in al, dx ; input control byte 
or al, 0x80 ; set DLAB bit 
out dx, al ; store new Une control byte 
mov dx, 0x03f8 ; load dx with low divisor byte 
mov al, 3 ; load new baud rate (38.4k baud) Isb 
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out dx, al ; store new baud rate 
inc dx ; point at high divisor byte 
mov al, 0 ; load new baud rate (38.4k baud) msb 
out dx, al ; store new baud rate 
mov dx, 0x03 fb ; load dx with line control addr 
in al, dx ; input control byte 
and al, 0x7f ; reset DLAB bit 
out dx, al ; store new Une control byte 
} 
ROUTINE; S Write 
PURPOSE: This routine writes data out to the serial port. Data is written in 1024 byte 
blocks. 
unsigned char s_write(imsigned int bsize, imsigned char *bptr, unsigned int pace) 
{ 
unsigned char eflag; 
/* bsize -> contains the number of bytes to send */ 
asm 
{ 
cli ; turn interrupts OFF 
mov bx, bptr ; load bx with bufifer ptr addr 
mov dx, 0x03 fd ; load dx with UART line status reg addr comml 
;(com2 = 02fd) 
wlO; mov cx, pace ; load cx witli char pacing delay 
wll: in al, dx ; read status reg 
test al, 0x20 ; check for transmit reg empty 
jz wll ; Lffiill, goto wll and repeat 
sub dx, 5 ; point to UART data buffer reg 
mov al, [bx] ; load al with byte to transmit 
out dx, al ; transmit byte 
wl3: loop wl3 ; perform pacing delay 
add dx, 5 ; point to UART line status reg 
inc bx ; pomt to next byte to transmit 
dec bsize ; decrement number of bytes to send 
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jnz 
mov 
sti 
} 
} 
return eflag; 
wlO ; if more bytes to send, goto wlO 
eflag, 0 ; load error flag (this is intended for future 
;development) 
;tum interrupts ON 
ROUTINE: S Read 
PURPOSE: This routine read data from the serial communication port. Data read is 
stored in a 1024 byte buffer which is passed back to the caUing progam. 
unsigned char s_read(unsigned int bsize, unsigned char *bptr, unsigned int timeout) 
{ 
unsigned char eflag; 
/* bsize -> contains the number of bytes to receive */ 
asm 
cli ; turn interrupts OFF 
mov bx, bptr ; load bx with buffer ptr addr 
mov dx, OxOSfd ; load dx with UART line status reg addr 
;comml (com2 = 02fd) 
rlO: mov cx, timeout ; load cx with timeout delay 
rll: in al, dx ; read status reg 
test al, 1 ; check for receive reg full 
nz rl2 ; if full, goto rl2 
loop rl 1 ; decrement timeout (cx) reg and goto rl 1; repeat 
mov eflag, 0x20; flag error if timeout 
jmp rl3 ; quit s read 
rl2: sub dx, 5 ; point to UART data buffer reg 
in al, dx ; load al with received data byte 
mov [bx], al ; load data byte in to buffer 
add dx, 5 ; point to UART line status reg 
inc bx ; point to next buffer location 
dec bsize ; decrement number of bytes to receive 
jnz rlO ; if more bytes to receive, goto rlO 
mov eflag, 0 ; no errors found, load eflag with ok byte 
I l l  
rl3: sti ; txirn interrupts ON 
} 
return eflag; 
} 
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APPENDIX H 
DATA ANALYSIS PROGRAM LISTING 
y  ; i c j f e  ) ( c  D t c  3 | c  : 4 c  i i c ^  : f e  : j e  : f c  : f c  : i c  : ( c  : | c  : j c  a f c  ^  ^  ^  ^  ^  3 4 c  ^  : 4 c  } | c 3 ) c  ^  3 | c  ^ ) { c  9 i (  
DEPARTMENT: Dept. of Biomedical Engmeering 
DESCRIPTION; The purpose of this program is to extract an individual carcass sample out 
of the binary file uploaded fi^om the TI-78 and determine the backscatter energy content of 
each transducer. Inaddition, the gain type is selected via the keyboard. The data file contains 
two set of data with separate gains, 40 dB or 60 dB. 
#include <stdio.h> 
#include <math.h> 
#include <stdlib.h> 
#include <string.h> 
#include <process.h> 
#include <conio.h> 
#include <graph.h> 
#include <io.h> 
#include <sys\types.h> 
#include <sys\stat.h> 
#include <fcntl.h> 
char gain, sptr, num[20]; 
signed char g; 
static unsigned char c, dbu{[2048], usrecord[6][2048]; 
int topblk, i, j, x, y, z, sreg[6]; 
long rec num, sum[6], suml23, sum456, sumlto6; 
TITLE; 
WRITTEN BY; 
DATE; 
Data Analysis Program 
Kyle Holland 
6/93 
FILE *^tr; 
main() 
{ 
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_clearscreen(_GCLEARSCREEN); 
_setvideomode(_VRES2COLOR); 
_setcolor(l); 
do 
( 
do 
{ 
_clearscreen(_GCLEARSCREEN); 
printfC'Enter record number( 1-15)"); 
gets(num); 
recnum = atol(num); 
printl^"%d \ii",recnum); 
} 
while((rec_num > 15) |1 (rec num < 1)); 
printf("Is Above Information Correct? (y, n or ESC to quit) "); 
c = getchO; 
} 
while((c == 'N') || (c == V) || (c == OxOd)); 
if(c == Oxlb) 
exit(I); 
do 
{ 
do 
{ 
_clearscreen(_GCLEARSCREEN); 
printf("High gain? <Enter y or n> \n"); 
gain = getchO; 
} 
while((gain != "N") && (gain != 'n')&&(gain != "Y') && (gain != 'y*)); 
printf("Is Above Information Correct? (y, n or ESC to quit) \n"); 
c = getchO; 
} 
while((c == 'N') || (c == 'n') || (c == OxOd)); 
if (c == Oxlb) 
exit(l); 
if ((fptr = fopen("c;\\qc25\\bin\\car.dat","r+b" )) != NULL) 
{ 
fread(dbuf^ 1,1024,fptr); 
topblk = 256*dbuft0] + dbuf[l]; 
if ((rec_num*24) > topblk) 
{ 
printfl^"Record Out of Range!\n"); 
fclose(fptr); 
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exit(l); 
} 
fseek(fptr,((rec_num-lL)*24576L+1024L),SEEK_SET); 
if ((gain == 'Y')||(gain == y)) 
{ 
printf("60 dB Ultrasound records extracted \n"); 
for (i=0;i<6;i-H-) 
{ 
fread(usrecord[i], l,2048,^tr); 
fread(dbufi l,2048,fptr); 
} 
} 
else 
{ 
printf("40 dB Ultrasound records extracted \n"); 
for (i=0;i<6;i++) 
{ 
fread(dbuf^ 1,2048,^tr); 
fread(usrecord[i], l,2048,:^tr); 
} 
} 
fclose(fptr); 
printf("Press any key to continue.Va"); 
while((c=getch())==OxOO); 
i=0; 
while (i<6) 
{ 
_clearscreen(_GCLE ARSCREEN); 
_settextposition( 1,1); 
printf("Record -> %u \n",rec_num); 
printf("Transducer-> %u \n",i+l); 
_moveto(0,350); 
_lineto(639,350); 
_moveto(0,350); 
_lineto(0,370); 
_moveto(0,350-usrecord[i][0]); 
for(x=0;x<1280;x+=2) 
{ 
_lineto(x/2, 350-usrecord[i][x]); 
} 
sptr=0; 
x=0; 
z=i; 
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while ((sptr != OxOd)&&(z = i)) 
{ 
_settextposition(40,1); 
printf(" "); 
_settextposition(40,1); 
printfC'X Pointer at %d",x); 
sptr=getch(); 
switch(sptr) 
{ 
case 'f: 
{ 
i++; 
if (i==6) 
1=5; 
break; 
} 
case 'b': 
{ 
i--; 
if(i==-i) 
i=0; 
break; 
} 
case 77; 
{ 
_setcolor(0); 
_moveto(x/2,351); 
_lineto(x/2,370); 
if((x+2)<1280) 
x+=2; 
_setcolor(I); 
_moveto(x/2,351); 
_lineto(x/2,370); 
break; 
} 
case 75: 
{ 
_setcolor(0); 
_moveto(x/2,351); 
_lineto(x/2,370); 
if((x-2)>0) 
x-=2; 
_setcolor(l); 
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_moveto(x/2,351); 
_lineto(x/2,370); 
break; 
} 
case 54: 
{ 
_setcolor(0); 
_moveto(x/2,351); 
_lineto(x/2,370); 
if((x+50)<1280) 
x+=50; 
_setcolor(l); 
_moveto(x/2,351); 
_lineto(x/2,370); 
break; 
} 
case 52: 
{ 
_setcolor(0); 
_moveto(x/2,351); 
_lineto(x/2,370); 
if((x-50)>0) 
x-=50; 
_setcolor(l); 
_moveto(x/2,351); 
_liQeto(x/2,370); 
break; 
} 
case 13: 
{ 
i+=l; 
sreg[i]=x; 
break; 
} 
} 
} 
} 
for (i=0;i<6;i++) 
{ 
sum[i]=0; 
for(j-Grcg[i];j<sreg[i]+800j++) 
sum[i] = sum[i] + abs(usrecord[i][i]-l 19); 
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} 
suinl23 =(sum[0]+sum[l]+sum[2])/3; 
sum456 =(siun[3]+sum[4]+siim[5])/3; 
sumlto6 = (sum[0]+s\xm[l]+sum[2]+siim[3]+sum[4]+sum[5])/6; 
_clearscreen(_GCLEARSCREEN); 
printfC'Transducers (1,2,3) Average Energy -> %u \n",suml23); 
printf("Transducers (4,5,6) Average Energy -> %u \n",sum456); 
printf("Transducers (1 to 6) Average Energy -> %u \n",sumlto6); 
while((c=getch())==OxOO); 
else 
{ 
_clearscreen(_GCLEARSCREEN); 
exit( 1); 
} 
} 
